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Stainless steel quarter 
swing utterfly valve 
for hand or pneumatic 
operation. 
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Stainless steel cold traps 
for use with liquefied 
gases, designed to sive 


HIGH VACUUM PUMPING 


cooled 


SYSTEM COMPONENTS 


BELOW 
Compact optically dense 
chevron baffles for water 
cooling or complete with 
sealed refrigerator unit 
for use with liquid 
refrigerant. 


“Speedivac” vapour pump accessories give the user 
an exceptionally wide choice of components and an 
opportunity for a flexible design approach when 
constructing a pumping system. Designed to bolt 
directly on to the pump flange where necessary, these 
leak tested components obviate the need for clumsy 
adapters. 

The system illustrated comprised a 6 in. bore frac- 
tionating oil diffusion pump, fitted with a refrigerated 
chevron baffle and a hand operated quarter swing valve. 
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COLLEGES OF ADVANCED TECHNOLOGY 


HE Advisory Council on Scientific Policy in its 

last report expressed the opinion that the 
development of colleges of advanced technology in 
Britain and the expansion of the smaller or medium- 
sized universities, which have hitherto included only 
faculties of arts or pure science, afforded an oppor- 
tunity unlikely to recur for promoting studies in 
fields where there is little or no tradition of research 
and its application, and where there is little inter- 
action between the universities and the industries 
which are the customers for the resulting techno- 
logical skills. In the subsequent debate on the 
Council’s report in the House of Lords, the question 
of research in the colleges of technology was scarcely 
mentioned, but in speaking on educational policy in 
the House of Commons on November 7, the Minister 
of Education, Sir David Eccles, after referring to the 
steady growth of postgraduate work in these colleges 
which the Government proposes to encourage as much 
as possible, said that he is very keen that these 
colleges should vigorously develop applied research. 

Sir David expressed the view that the colleges of 
advanced technology are excellently placed to do so, 
because of their close links with industry ; and those 
links would undoubtedly assist in the selection of 
projects for research that are really worth while. 
This appears to be what the Advisory Council on 
Scientific Policy also has in mind, but it is not here 
that the real difficulties in encouraging research in 
technical colleges lie. They are to be found in relation 
to staff, to problems of administration and status, 
and to a certain extent in finance. These difficulties, 
however, were not considered in the debate, though 
Mr. A. Albu doubtless had them in mind when he 
urged that the colleges of advanced technology should 
have independent governing bodies and should not 
come under the local authorities. 

How small is the comparative contribution from 
the colleges of advanced technology may be seen 
from some figures quoted by Dr. D. C. Freshwater 
in Technology. Against an estimated 6,000 post- 
graduate workers in science and technology in the 
universities, there are only some 200 scientists and 
technologists on full-time postgraduate research in 
these colleges, of whom 40 are financed by Govern- 
ment grants, 20 by awards through the Department 
of Scientific and Industria! Research and 140 by the 
local education authorities. Of these 200, some 120 
are in colleges in the London area and only about 80 
in the remainder of the country, including those indus- 
trial areas of the Midlands and the North where it 
might be expected that close contact with local 
industry would be most conducive to stimulating 
exactly the type of technological research that the 
Advisory Council on Scientific Policy suggested in its 
last report. 

Any advantage that the colleges of technology 
may enjoy through closer relations with local industry 


in the selection of projects for research, and possibly 
for the conduct of such research, can be more than 
offset if the conditions these colleges offer are not 
such as to attract staff of the requisite quality or to 
retain competent postgraduate students. The fune- 
tion of the colleges of technology in advancing know- 
ledge, especially knowledge of value to industry, is 
still insufficiently recognized, and not all local 
authorities responsible for such colleges appreciate 
that research can make an important contribution in 
the teaching of advanced students, the vitality it 
imparts to the instruction being as important here 
as in @ university. There are still local education 
authorities which do not acknowledge research as a 
normal and indeed an important function of the 
technical colleges. In consequence, there is no general 
pattern to the scope and practice of research in 
progress at the present time ; and even where it is. 
formally recognized, lack of facilities and equipment. 
is an obstacle to the postgraduate research student, 
and the lecturer may find difficulties in giving time 
to research as distinct from teaching. 

In a recent article in the Journal of the Royal 
Institute of Chemistry (84, 235; 1960), Dr. D. E. 
Chisman describes the position more particularly 
with regard to chemical research, which is believed to 
be in progress to some extent in at least forty colleges, 
or about half the technical colleges recognized by the 
Institute for training candidates for the graduate 
membership examination. In two of these there are 
more than fifty research workers in the chemistry 
department ; but this includes part-time and full- 
time workers, both for the teaching staff and research 
students. In a further five colleges there are between 
25 and 50 research workers; but in most of the 
colleges there are fewer than ten research workers, 
sometimes just one or two members of the staff who 
are endeavouring to complete research projects 
started elsewhere. Altogether, Dr. Chisman suggests 
that in the technical colleges in 1959-60 there were 
more than 300 chemistry research projects under 
way. 

Again, the facilities available for research 
vary widely. Sometimes the only space available is 
in a corner or at one end of a teaching laboratory. 
Elsewhere small rooms have been partitioned off from 
large laboratories ; but in a few colleges the facilities 
have been appropriately designed, and an area up to 
3,500 sq. ft. is available, though the usual area 
specifically available where a research laboratory is 
provided seems to be about 1,000 sq. ft. Especially 
in the smaller colleges, research in chemistry is at 
present undertaken only by members of the teaching 
staff, and their research interests have to be integrated 
with their teaching duties. If the latter are par- 
ticularly onerous, the time for research is naturally 
curtailed, and the research project at best is pro- 
tracted, if indeed it is ever completed. 
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To help members of staff who have genuine research 
projects in train, many local education authorities 
are prepared to allow some time for research in lieu 
of teaching duties, and according to Dr. Chisman 
this usually amounts to 3-6 hr. a week, although for 
a reader or principal lecturer it may be 12 hr. per week. 
Not all local authorities, however, appreciate the 
desirability of allowing teaching staff time for 
research, and Sir David Eccles’s observation in the 
House of Commons should induce some improvement 
here, though it is reasonable to expect that the 
teaching staff concerned should display some initiative 
and enthusiasm, and disclose the nature of their 
projects. The brochure issued by the London and 
Home Counties Regional Advisory Council for Higher 
Technological Education on research in progress in 
technical colleges of the region, for, or in collaboration 
with, industry, Government departments and research 
associations indicates the range and value of such 
projects even in 1956. 

One disappointing feature of the present situation 
to which Dr. Chisman refers is the comparatively 
small number of students of research calibre, to whom 
research studentships in science and technology have 
been awarded through the Department of Scientific 
and Industrial Research, who elect to receive their 
training in technical colleges. There are at present 
more than 2,000 such awards held in universities and 
technical colleges in Britain, and it is expected that 
about a further 1,000 awards will be made this year. 
Less than 2 per cent of such research studentships in 
1958 were for tenure in technical colleges, mostly in 
chemistry. 

Some, but not all, research in colleges of technology 
is undertaken for the purpose of obtaining a higher 
degree or equivalent qualification, and the new award 
of membership of the College of Technology, intro- 
duced by the National Council for Technological 
Awards, which will normally be made for a pro- 
gramme of work (not necessarily research) carried 
out jointly in industry and at a college, should assist 
in removing any difficulties which research workers at 
the colleges of technology may experience in obtaining 
a higher qualification. While the College of Tech- 
nologists will expect a high standard of candidates, 
the award will not be restricted to holders of the 
diploma in technology. Here there is, of course, a 
time factor: the award has to establish its merits, 
and this might perhaps be the easier if there 
were less readiness to blur the distinction be- 
tween colleges of technology and the technical 
colleges. To say the least, it is debatable how far 
postgraduate work is really practicable in an insti- 
tution which is not devoted to instruction at univer- 
sity-level. 

Dr. Chisman expresses the opinion that there are 
probably in the colleges of technology more ad hoc 
short-term research projects in progress at any given 
time than research designed specifically for a higher 
degree or equivalent. Local industrial needs often 


lead to the initiation of short-term special research 
problems, thus effecting a valuable link between 
industry and technical education. Moreover, industry 
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can, and does, assist by giving expensive equipment, 
and some colleges have thus been able to develop 
useful specialized research facilities. This is obviously 
a step towards the co-operation in the attack on 
major technological problems which the Advisory 
Council on Scientific Policy had in mind in its last 
report. If the major colleges of technology are to 
develop schools of research in particular technological 
fields, it will be just as essential that the immensely 
expensive equipment, which technological research 
no less than scientific research requires, shall be used 
on an agreed co-operative basis—perhaps between 
such colleges themselves, or between a particular 
college or group of colleges and industry—as it has 
now become for the universities. 

Developments along such lines are likely to provide 
one of the surest ways of winning the prestige that 
will enable the colleges to attract—and keep—all the 
research workers they are able to accommodate. 
They will also help to solve the problem of status: 
but it must be realized that the question of status 
and autonomy cannot be left to chance. They must 
be tackled simultaneously and urgently. Research 
workers of the requisite calibre will not be drawn to 
the colleges of technology unless they are assured of 
@ status comparable with that which they would enjoy 
in @ university institution, and have the freedom to 
teach and investigate which it is a primary function 
of academic autonomy to ensure. The independence 
of the colleges of technology is a problem which needs 
urgent consideration, and local interest should not be 
allowed to overrule the national interest. Given 
goodwill and understanding and sense, the recon- 
ciliation of a live interest in local institutions with 
the larger national concern should prove no more 
difficult than in the creation of new university 
institutions. 

One final aspect of research noted by Dr. Chisman 
might well make a valuable contribution to this 
problem, as well as to the prestige of the colleges. 
Dr. Chisman refers to the need for investigations into 
methods of presenting the subject-matter used by 
lecturers in the technicel colleges. As he rightly 
points out, the rapid developments of the past few 
years in the understanding of many phenomena 
through modern theories of atomic and sub-atomic 
structure have spurred the abler teachers to re- 
appraise their systems of teaching and to introduce 
substantial modifications, leading to more logical and 
co-ordinated presentation and to @ more compre- 
hensible and sound basis for further study. The whole 
content of university science courses as well as of 
school courses is under challenge and re-examination. 
There are also numerous ways in which standard 
experimental techniques may be improved and new 
demonstration techniques devised to illustrate thoor- 
etical topics. The colleges of technology may, in 
fact, enjoy more flexibility to take advantage of the 
considerable scope for such work, especially in the 
field of small-scale equipment ; and in the measure 
to which they seize the opportunity, their prestige 
both as teaching and research institutions should be 
enhanced. 
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GEOGRAPHICAL DISTRIBUTION 
OF EUROPEAN BIRDS 


Atlas of European Birds 

By Prof. K. H. Voous. Pp. 284 (419 maps and 
355 gravure plates). (Edinburgh and London: 
Thomas Nelson and Sons, Ltd., 1960.) 70s. net. 


HIS splendidly produced volume fills a long-felt 

need in ornithology. A map is given showing the 
full breeding range of every species of bird that 
nests in Europe. For this purpose two basic maps 
have been used, one extending to the equator and 
the other covering the world, and so planned that 
one occupies half the space of the other, thus simpli- 
fying the arrangement. On each map the land is 
left uncoloured, the sea is shown in blue and the 
range of the bird is over-printed in red, which makes 
for extremely clear presentation. The author has 
used question-marks wherever there is doubt as 
to the range concerned. 

The author’s text is clear, concise and sound. He 
has in each case detailed the geographical range 
and habitat, and wherever these present problems 
of biological interest he has discussed them, so that 
the book is both a reliable summary of the known 
and a valuable guide to questions of zoo-geography 
and species-formation that would profitably repay 
further research. He has not discussed sub-specific 
variation except in a few cases where the allocation 
of species is difficult, but, while I think that it was 
fully justifiable to omit sub-specific names, I am 
sorry that he did not give a little more attention to 
the main trends of sub-specific variation. This is 
not, however, a serious omission. The author’s 
treatment of the taxonomic limits of each species is 
very sound, and while it would be impossible to 
please all authorities, he has given his reasons 
where he differs from what may be found in other 
standard works. He has added short notes on food, 
nest-site and migration. Perhaps it is ungenerous 
to ask for more, but a second series of maps illustrat- 
ing the range of each migratory species in winter is 
needed for proper evaluation of distributional 
problems, and such maps are not included. 

The third section of the book is, in my view, 
irrelevant to the others. A black-and-white photo- 
graph is given of almost every species, providing a 
unique assemblage of fine photographs, even though 
many are already familiar from other bird-books. 
As a guide to identification, photographs can be 
misleading, particularly as there is no indication of 
the size of the bird. For example, in the double 
page featuring all the acrocephaline warblers, the 
smallest of all, to judge from the photographs, is 
the great reed warbler, which is in fact the largest 
of those shown. Anyway such photographs, being 
essentially bird portraits and not habitat pictures, 
are inappropriate to a bird atlas. There was, 
indeed, a strong case for two separate books, the 
first dealing with zoo-geography and the second 
with photographs, and omission of the latter from 
the atlas would, I imagine, have reduced its cost to 
less than half, and would have permitted printing 
on pages of half the present size, thus making it 
an even more valuable reference book than it is now. 
The photographs appeal to a different type of orni- 
thologist and could have been issued separately 
with, perhaps, a brief description of each bird. 

D. Lack 
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SEA BIRDS 


Sea Birds 

By Charles Vaucher. Translated by James Hogarth. 
Pp. 254 (255 photographs). (Edinburgh and London : 
Oliver and Boyd, Ltd., 1960.) 105s. net. 


HIS is a sumptuous volume, beautifully produced, 

and its 255 photographs, 15 of which are in 
colour, are fine examples of the art of the camera. 
Charles Vaucher, their author, is to be congratulated 
on them. They include close-up bird portraits, 
snapshots of birds on the wing, some seascapes, 
among them an excellent picture of a four-mast 
sailing ship becalmed on a placid sea, and two or 
three shots of grey seals on the Farne Islands by way . 
of contrast. Despite the seals, this is a bird book 
dealing with the birds to be found on or near the sea, 
particularly on the coasts of northern Europe, 
especially those of Britain and Scandinavia. 

As indicated, this is primarily a picture book ; 
but the literary matter is far from negligible or 
unimportant. The author amplifies the plates with 
chapters on the different species illustrated, their 
habits and habitats. He writes of what he has seen, 
with many interesting observations on bird conduct 
and behaviour, he gives us facts concerning distribu- 
tion, breeding places, etc., and tells about his visits 
to many of the great seabird haunts in England, 
Scotland, Sweden, Finland and so on, his delight 
being the spectacular species that may be found on 
cliff, shore and island. 

The author’s style is concise but pleasant, and he 
has the gift of vivid description. We must not forget 
this is a translation from the French in which it was 
written and first published; however, it does not 
read as if it has lost anything in the process. 

The latter part of the book is devoted to ““Descrip- 
tive Summaries” in which the facts concerning each 
bird are set out concisely so that they may be seen 
at a glance. 

Reverting to the pictures, which are all good, it 
is difficult to pick out one for special mention, but 
the photograph of an arctic tern on p. 189 is a 
remarkable study of a bird in flight, every detail, 
every feather, being depicted of the spread wings and 
spread tail. 

A parent or other person wishing to give a boy or 
girl a present could not do better than choose this 
book, for it will surely fire youthful enthusiasm. 

Frances Pirr 


CRYSTALLOGRAPHY CONDENSED 


General Crystallography 

A Brief Compendium. By W. F. de Jong, with the 
collaboration of J. Bouman. (Series of Books in 
Geology). Pp. ix+281. (San Francisco: W. H. 
Freeman and Company, 1959.) 38s. 

RIGINALLY published in Dutch in 1951, this 
O work has now been enlarged and partially 
re-written for an English language edition. The 
primary object was to provide a review of the whole 
subject of crystallography ; in the preface the author 
suggests that his book may also be used as a guide 
in private study, and by undergraduates as a summary 
of modern ideas on the subject. The book is in four 
parts, the first and longest (92 pages), on geometrical 
crystallography, being followed by sections on 
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structure theory and determination (43 pages), 
crystal chemistry (53 pages) and crystal physics 
(79 pages). 

To review a whole science in a small space is a task 
calling for the most careful selection and presenta- 
tion. The author has chosen to make his book 
reasonably encyclopedic, keeping down the length by 
a terse style of writing, by the use of numerous 
excellent diagrams, and by a multitude of references 
to more specialized works. The selection has, in fact, 
been a local, as against a regional, one. Considered 
as a compendium rather than a text-book and in view 
of its length, this is a successful book, remarkably 
complete and accurate. The brevity of the presenta- 
tion has many drawbacks, of course; thus results 
are often stated without proper derivation, and the 
mathematical sections inevitably make dull reading. 
In the more descriptive chemical and physical sections 
the hors d’e@uvres presentation certainly whets the 
appetite, but for the main course one is referred to 
other books. The section devoted to the explanation 
of crystal properties in terms of atoms is the most 
original and interesting one with a w’ ‘e scope, includ- 
ing such topics as Frank—Read sourc »s of dislocations, 
Raman radiation and transistors. Even the granitiza- 
tion theory gets a brief mention, one of the few 
reminders that this book is part of a geological 
series. 

The proper balance for a work of this kind is a 
matter of opinion, but probably most English-speak- 
ing crystallographers will feel that the theoretical 
side here outweighs the experimental one, and that 
the geometrical section in particular is far too heavy 
for the rest. 

A few detailed criticisms may be made. The 
author goes against well-established nomenclature in 
certain places. For example, he uses ‘solid solution’ 
tor what would normally be called an interstitial 
structure, the usual solid solution becoming a ‘substi- 
tutional structure’. Again, (hkx/) is used in place of 
(Akil) for four-axis Miller—Bravais indices with no real 
justification. Whatever the reasons for such changes, 
it is a mistake to introduce them in a reference 
book. 

For the professional crystallographer this book will 
have some value for reference, particularly for the 
geometric part, as this is otherwise mostly treated in 
jerman texts. As a guide to private work it would be 
hard going without advice on selection. Parts of the 
book will be valuable to the undergraduate for 
revision or summary, while others are too advanced. 

M. G. Bown 


GEOLOGY IN THE UNITED STATES 


Geological Survey Research 1960 

Professional Paper 400, U.S. Geological Survey. 
Vol. A, Synopsis of Geologic Results. Pp. xii+136, 
1 dollar. Vol. B, Short Papers in the Geological 
Sciences. Pp. viii+515. 4.25 dollars. (Washington, 
D.C.: Government Printing Office, 1960.) 


R many years the Uniced States Geological 

Survey has had a greater output of research 
in the Earth sciences than any other organization 
in the world. The immense mass of its publications, 
embracing the work of close on a thousand geologists, 
coupled with the inevitable delays in printing long 
detailed reports, has, however, resulted in some of 
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its work not being known as widely or as speedily 
as it deserves to be ; and to provide @ more prompt 
and succinct release of new information the Survey 
has now issued this summary of progress which, 
if found useful, will henceforth be published annually, 
The publication is in two quarto volumes. The 
first presents a narrative synopsis of the technica] 
activities of the Geologic Division during the fiscal] 
year ended June 30, 1960. The second comprises 
232 papers, most of them less than 1,000 words in 
length, which are either announcements of new 
discoveries on problems of limited scope or reviews 
of the results of extensive investigations that have 
been in progress for some time. 

In his preface Dr. T. B. Nolan, director of the 
U.S. Geological Survey, states that ‘““This report is 
frankly an experiment”. The experiment is a 
highly successful one, for all but the most parochial 
workers in the geological sciences will find in these 
columns contributions within their fields of interest. 
The short papers are concerned with economic 
geology (42 contributions), exploration and mapping 
techniques (20), geology applied to engineering 
and public health (11), regional geology mainly of 
the United States (101), paleontology (6), geophysics 
(14), mineralogy, chemistry, and petrology (20), 
and analytical or petrographic methods (18). Not- 
withstanding the remarkable rapidity in publication 
a high editorial standard is maintained throughout ; 
and Dr. V. E. McKelvey, who planned and directed 
the preparation of the volumes, is to be congratulated 
on the overall lucidity of presentation. Undoubtedly 
this review of progress will henceforth be one of 
the high-lights of the geological year; and by 
setting an example it should do much to improve and 
speed up the annual reports of other national surveys. 

C. F. Davipson 


COAL SCIENCE: AN INDIAN 
VENTURE 


Proceedings of the Symposium on the Nature of 

Coal 
Held at the Central Fuel Research Institute, Jealgora, 
7th-9th February, 1959. (Organized by the Central 
Fuel Research Institute in collaboration with the 
Institute of Fuel, Indian Section.) Pp. viii+321. 
(Jealgora: The Central Fuel Research Institute, 
undated.) n.p. 

REPORT of the symposium on ‘The Nature of 

Coal’, held at the Central Fuel Research 
Institute, Jealgora, has already appeared in these 
pages (Nature, 183, 1438; 1959); now the proceed- 
ings have become available. 

The volume is well produced and I have come 
across few typographical errors; all papers are 
written in English. As often with such collections, 
more than a year has elapsed between conference 
and publication of the proceedings; as a result, 
some sections, especially that on the rapidly develop- 
ing subject of coal chemistry, no longer represent 
the latest views on all aspects considered. 

The conference was divided into six sessions as 
follows: origin and systematics of coal; petro- 
graphic and X-ray studies on coal; ultra-fine 
structure of coal; coal constitution, physical 
methods; coal constitution, chemical methods ; 
physico-chemical properties of coal. 
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The attendance from Western European countries, 
North America and Australia was unfortunately 
small, and most of the papers from these areas, 
for example those by H. Barking and C. Eymann, 
VN. Berkowitz, J. D. Brooks, I. G. C. Dryden, R. A. 
Durie and S. Sternhell, C. Kréger and Dobmaier, 
and M. Samec, could not therefore receive adequate 
discussion. A paper from the Canadian Bureau of 
Mines and Technical Surveys was presented by one 
of the authors, B. N. Nandi. To judge from the 
printed discussion, similar difficulties limited the 
consideration given to papers from the U.S.S.R. and 
eastern Europe, of which there were nine distributed 
over the first five sessions, mainly in the first, and of 
those from Japan (three). Half the forty papers 
presented originated outside India. 

The selection of papers with especial interest is 
invidious and must be to some extent personal to 
the reviewer. However, I would mention three: 
“Carbon-bound Methyl Groups and the Mechanism 
of Coalification’’, by Kaiser, Rao and Lahiri in par- 
ticular ; “Pyrolysis and its Relation to the Structural 
Parameters of Coal’’, by Mazumdar, Chakrabartty 
and Lahiri; and ‘Relation between Chemical 
Constitution and Pyrolysis of Coal”, by Biswas, 
Sarkar, Kini, Das Gupta and Lahiri. Less personal 
perhaps is surprise at the widespread tendency to 
record chemical analyses to two places of decimals 
when only one is justified by the available analytical 
techniques. It is disappointing to find only eight 
pages of discussion on three hundred pages of papers 
presented. Despite the title of the symposium, the 
technology of the applications of coal is not un- 
represented. The whole volume is of considerable 
interest both for reading and reference. 

I. G. C. DrypEN 
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PESTS. AND THEIR CONTROL 


Horticultural Pests 

Detectiou. and Control. By G. Fox Wilson. New 
edition, revised by Dr. P. Becker. (Agricultural 
and Horticultural Series.) Pp. xix +-240+4 plates. 
(London: Crosby Lockwood and Son, Ltd., 1960.) 


25s. net. 


Chemical and Natural Control of Pests 
By E. R. de Ong. Pp. viii+244. (New York: 
Reinhold Publishing Corporation ; London : 
Chapman and Hall, Ltd., 1960.) 60s. net. 


Ten Little Housemates 
By Karl von Frisch. Pp. 146. (London and New 
York: Pergamon Press, 1960.) 17s. 6d. net. 


HE late George Fox Wilson was a garden lover 
and economic entomologist with profound experi- 
ence of the pest problems that beset the gardener, 
and the rare gift of being able to write clearly, 
accurately and interestingly for the layman. His 
book, “The Detection and Control of Garden 
Pests”, was therefore well received by all. In 
agreeing to revise it, Dr. Paul Becker not only had 
to stand the test of comparison with his predecessor, 
but also to bring the book up to date with recent 
rapid developments. He has been outstandingly 
successful. 

The book has a new title, but retains its original 
form and content. Additions have had to be made : 


many new chemicals have come into use, and perhaps 
as a result of their misuse we have been forcibly 
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reminded of the existence and importance of the 
natural enemies of insects. Thus Dr. Becker has 
rewritten the section on biological control and very 
sensibly continued to stress the importance of 
cultural and other practices that reduce the need to 
use insecticides. 

There are more illustrations and the excellent 
quality of the paper used has made the most of them. 
The colour photographs, mostly provided by the 
Shell Photographic Unit, are exquisite. 

Except for the few who correctly foresaw the 
problems that might arise, the dawn of the synthetic 
insecticide era seemed to be heralded by many 
economic entomologists as the beginning of the end 
of our insect competitors. Within a few years, 
however, it appeared likely that insecticides were 
creating as many problems as they solved, and we 
became only too familiar with such things as pest 
resurgence and resistance to insecticides. Such 
things were not really new, but in the excitement of 
new chemical discoveries they were often forgotten. 
Perhaps the most important by-product of this era 
was the stimulus it gave to ecological and other 
studies of pests, and to thoughts about the rational 
use of insecticides. That is, to try to put it briefly, 
how these undoubtedly valuable chemicals can best 
be used in combination with cultural and other 
practices to minimize pest damage without interfering 
with the benefits that may be derived from the 
activity of beneficial insects, or of inducing other 
undesirable side-effects. This approach is clearly 
reflected in Dr. Becker’s book, and a great deal of 
fascinating work has been done along these lines 
in North America and in Europe. 

If the title of Dr. E. R. de Ong’s book leads the 
reader to expect a balanced account of recent work on 
rational pest control he will be disappointed. This 
book deals mainly with the control of pests (insects, 
diseases and weeds) of crops and livestock, of the 
household and of storage in the United States. 
There is little doubt that the recommended meas- 
ures are sound, and that the quite well-arranged 
information will be of use to the American exten- 
sion werker, but of much less value in the United 
Kingdom. 

In “Ten Little Housemates” Prof. Karl von Frisch 
has written a series of essays that give the impression 
that he enjoyed writing them. If the purist is 
prepared to tolerate a work that makes no pretence 
of being a scientific treatise, no doubt he will be able 
to enjoy them too. It is written for the layman who 
takes an intelligent interest in what he sees around 
him, and for him this little book can be recommended. 

F. H. Jacos 


GROWING POINTS IN PLANTS 


Griindzuge der Histogenese Hoherer Pflanzen 
Von Prof. Dr. Hermann von Guttenberg. 1: 
Die Angiospermen. (Handbuch der Pflanzenana- 
tomie, Band VIII, Teil 3. Zweite, véllig neubear- 
beitete Auflage herausgegeben von Prof. Dr. W. 
Zimmermann und Prof. P. G. Ozenda.) Pp. viii +315. 
(Berlin-Nikolassee: Gebriider Borntraeger, 1960.) 
110 D.M. 


HIS book is about the patterns of cells in the 
apical meristems of roots and shoots although 
its title may lesd us to expect something else. It 
falls into three main parts, dealing with roots, shoots 
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and leaves, and there is a short section on a few 
anatomical aspects of differentiation. Prof. Gutten- 
berg is well known for his work on root apices, and, 
for some people, the most useful part of the book 
will be the summary of his views on these, but the 
other two main sections are useful, painstaking 
accounts of developmental anatomy of the compara- 
tive kind. The book is profusely illustrated with 
modern line drawings and a few badly reproduced 
photographs. 

It is marred by an almost total exclusion of any 
work which is not a simple consideration of cell 
patterns and by a dogmatic assertion of the author’s 
views on these. He has not appreciated that merely 
putting some arrows on a diagram is not good evi- 
dence that cells behave in the way he says they do. 
Prof. Guttenberg does not like my interpretation of 
root meristems, and, to attack this, he ascribes to me 
views which I do not hold and does not try to explain 
the facts which, in spite of his protestations, are incon- 
sistent with his own interpretation. Similarly, he has 
missed the significance of Thielke’s important work 
on chimeras and of some American work on shoot 
apices. There are also some extraordinary gaps in 
some of the work presented and quite a lot of minor 
errors. There are, however, adequate indexes. 

The book is likely to find a place in reference 
libraries partly because it is one of a reputable 
series of volumes on plant anatomy and partly 
because of its value as a comparative account of 
apical structure. Its price is likely to keep it out of 
personal libraries in Creat Britain. Its old-fashioned 
approach is not likely to inspire a young biologist 
to study apices, and this is a pity to-day when there 
are so many opportunities for useful work on the 
behaviour of meristems. F. A. L. Crowss 


FLORA OF TROPICAL EAST AFRICA 


Loganiaceae 

By E. A. Bruce and J. Lewis. Edited by C. E. 
Hubbard and E. Milne-Redhead. Pp.47. (London: 
Crown Agents for Overseas Governments and Admin- 
istrations, 1960.) 4s. 


HE “Flora of Tropical East Africa”, of which the 

parts dealing with the families Loganiaceae 
by Mr. J. Lewis and the late Miss E. A. Bruce, 
Rosaceae by the late Mr. R. A. Graham, and Alis- 
mataceae and Butomaceae by Miss 8. Carter have 
been published this year, covers the territories of 
Kenya, Uganda, Tanganyika and Zanzibar, an 
area of about 707,000 square miles in all. The 
Flora, which is being prepared under the editorship 
of Dr. C. E. Hubbard and Mr. E. Milne-Redhead, 
is being published family by family in separate 
parts with individual paging and pricing. So far 
30 parts, including an introductory part and a 
glossary, have been published. Although the work 
is centred at Kew, much of it has been carried out 
by staff appointed by the Colonial Office for work on 
this Flora. 

The Flora itself contains keys both to the genera 
and species, and also where necessary to sub-species 
and varieties; in addition, there are descriptions 
which are not intended to be exhaustive, but suffi- 
cient to indicate the main features of importance 
in identification of the entities keyed. References 
to the most important literature, particularly that 
of concern in East Africa, are also given, and re- 
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presentative specimens from the territories in whig, 
each species occurs are cited, usually only a limite 
selection of the total number seen. There are, jp 
addition, brief notes on the habitat of each specie 
in East Africa and its distribution both in Eas 
Africa and elsewhere. As a great deal of ney 
taxonomic research has been involved, many specific 
names hitherto accounted distinct are here reduce 
to synonymy for the first time, and the lists of 
synonyms (primarily those relating to East Africa) 
will be found to contain much otherwise unpublished 
information. Each part of the Flora is illustrated 
with black-and-white figures so as to represent the 
habit of at least the majority of the genera described, 
There are also comparative figures bringing together 
for comparison diagnostically important organs of 
a series of species. As the total number of species 
in the area is probably in the neighbourhood of 
eleven thousand, it will be realized that the labour 
involved in working out this Flora will be both 
massive and lengthy. 

The area covered by this Flora is, at least for 
Africa, unusually varied both in climate and altitude, 
including different sorts of vegetation ranging from 
the rain-forest, found here and there in Uganda and 
north-western Tanganyika and still more rarely 
and locally elsewhere, to the semi-desert scrub of 
the northern parts of Kenya, and the wonderful 
afro-alpine vegetation of the high mountains of 
East Africa. Perhaps the majority of the area is 
covered by the different aspects of the grassland, 
wooded grassland and woodland that clothe such 
huge tracts of tropical Africa. On this variety of 
vegetation, which often reflects differences in climate, 
there is superimposed a variety of different floristic 
elements : the rain-forest flora the species of which 
are mostly typical of the Congo and West Africa, the 
rich and remarkable flora, often containing numerous 
endemics, in the patches of forest scattered 
near the coast, the Somalian flora in northern Kenya, 
which though perhaps not rich in species, contains, 
however, many found nowhere else but in north- 
eastern Africa, the remarkable mountain flora so 
well represented in East Africa, and the generalized 
woodland and grassland flora so typical of much of 
east and south-tropical Africa may be taken as 
examples. 

One of the interesting results coming from the 
taxonomic research involved in this Flora is that 
many species are being shown to occupy unexpectedly 
wide areas in tropical Africa, and to display ranges 
of variation which may frequently be far-reaching 
and complicated. What is now shown to be a 
single, perhaps polymorphic species may in the 
past have been known under several different 
names, each corresponding to a different part of its 
total geographical range. This has often given 
rise to false and misleading ideas about endemism 
and the size of genera. The patterns of variation 
take many different forms, and may have originated 
in various ways, perhaps through the intrinsic 
variability of certain species, or perhaps through 
the swamping of originally distinct and separate 
species which have come into contact with one 
another for some cause, giving rise to numerous 
hybrids destined to outnumber their parent species. 
The presence of such problems is obvious enough, 
but the evidence is usually insufficient for more 
than guessing at their cause. 

J. P. M. Brenan 
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Nuclear Radiation Measurement 


No. 4757 


By J. Sharpe. (Nuclear Engineering Monographs.) 
pp. vii+71. (London: Temple Press, Ltd., 1960.) 


12s. 6d. net. 

HIS book is one of a series of short monographs 

on nuclear engineering subjects intended for 
yniversity and technical college students, research 
assistants and qualified technicians. With only 
sixty-six pages of text the author has concentrated 
on outlining the physical principles by which the 
various detectors operate, and there is little practical 
information on their design and construction. Each 
of the four main chapters has a useful list of references, 
ai . there is a short index. 

The first main chapter, which occupies one-third 
of the book, discusses the way by which charged 
and uncharged particles and electro-magnetic radia- 
tions interact with matter. The various processes 
of energy absorption are mentioned, and some relevant 
data are presented in tabular form. Emphasis is 
placed on the scintillation phosphor as a detector, 
and the properties of different types of phosphor are 
examined in some detail. 

The next chapter describes the operating mech- 
anism of different types of detector, including a 
mention of such specialized devices as cloud- and 
bubble-chambers and photographic emulsions. Per- 
haps inevitably, the treatment of the more common 
gas-ionization detectors (ion chambers, proportional 
counters and Geiger—Miiller counters) is somewhat 
incomplete ; there is a short section on multiplier 
photo-cells. There follows a small section listing 
the ancillary equipment necessary for the working of 
the detectors, such as power supplies, amplifiers, 
sealers, etc., and then the last main chapter considers 
the types of detector best suited for a number of 
specific applications. Mention is made of «-particle 
assay using a zine sulphide phosphor or a flow pro- 
portional-counter, and the absolute and relative 
measurament of 8-particles. 

The measurement of the energy of gamma radia- 
tio by scintillation counters is described, and the 
use of X-ray proportional counters for low-energy 
X-radiation is mentioned. Detectors employing 
the boron-10 (n,«) reaction for thermal neutron 
measurement are described, and some techniques 
for the detection of fast neutrons are noted. 

The book is clearly written and produced, and 
fulfils its aim of introducing the very wide subject 
to technical students and research assistants. 

W. R. LoosEMORE 


Anorganische Chemie 

Band 1. Von Istvan Naray-Szabo. Pp. 664. (Buda- 
pest: Verlag der Ungarischen Akademie der Wissen- 
schaften (Akadémiai Kiado), 1959.) n.p. 

ROF. SZABO’S book is planned to extend to 
three volumes. It begins with a good, concise 
account of atomic structure, radioactivity, and the 
theory of valency. The author believes that a book 
on inorganic chemistry of this size should confine 
itself to its subject and not branch off into disquisi- 
tions on physical chemistry or organic chemistry. 
The elements are dealt with systematically in the 
order of the Periodic Table, the compounds being in 
a systematic order. There are tables of physical 
properties, an arrangement which saves space and is 
useful for reference. In a few places the treatment 
requires revision, for example, in the description of 
non-existent substances such as FO. The translation 
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from Hungarian into German makes the book acces- 
sible to a large class of readers, and it deserves to be 
successful. J. R. PartrncTon 


Chemical Instrumentation 

A Systematic Approach to Instrumental Analysis. 
By Dr. Howard A. Strobel. (Addison-Wesley Series 
in Chemistry.) Pp. xviii+654. (Reading, Mass. 
and London: Addison-Wesley Publishing Company, 
1960.) 74s. 


HIS is a volume of 653 pages, printed legibly on 

excellent paper, and it presents, in small compass, 
an extensive store-house of information on the 
theoretical and practical aspects of most known 
fields of instrumental analysis. Its range of topics 
is so incredibly wide that, from the practical labora- 
tory point of view, some useful detail has, of necessity, 
been omitted. Nevertheless, as a book for the 
undergraduate or honours degree student it has 
much to commend it. 

The theoretical approaches are excellently de- 
scribed ; the compilation of methods has been 
admirably done, and the many diagrammatic 
illustrations are clear and singularly helpful. 

Most fields of spectroscopy are succinctly described : 
radioactive techniques, polarography, gas chromato- 
graphy, polarimetry, electrometric methods, etc., 
all find their place in the various chapters. Scientific 
fundamentals are never ignored; there are two 
chapters on basic electronics, including transistor 
circuitry, and the information contained therein 
materially assists the student in the real under- 
standing of the instrumental methods covered in the 
text. Another interesting chapter dea!s with ‘‘Errors 
of Measurement’’. The book concludes with a sug- 
gested series of detailed laboratory experiments 
which parallel in diversity the topics covered by the 
author. 

It is not often that the student can purchase so 
much scientific information at such a modest price. 

D. T. Lewis 


The Bridal Bed 
By Joseph Braddock. Pp. 189+8 plates. (London : 
Robert Hale, Ltd., 1960.) 18s. net. 


HIS book is really an anthology, culled from a 

great variety of authors, some reliable and some 
otherwise, concerning marriage ceremonies in many 
parts of the world. 

The book is divided into six parts. In the first 
the choice of the marriage partner is described, while 
in the second courtship as seen in both civilized and 
primitive communities is described in some detail. 
From these preliminaries spring naturally accounts 
of the wedding itself ; and finally some consideration 
is given to what various writers have said about 
consummation and customs relating to the various 
human relationships within the marriage state. 

For those who wish to gain a general idea of what 
has been said about marriage customs in both Western 
and Oriental countries this anthology would provide 
an excellent introduction, although it would have 
been much improved had more trouble been taken 
to verify references and avoid relying on authors 
whose inaccuracy must surely have been apparent. 
The book is well printed and arranged, although it 
is not easy to understand why the bibliography is 
not arranged in correct alphabetical order. 

E. J. Dinewatn 
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LOW-TEMPERATURE FORMS OF ICE AS STUDIED BY X-RAY 
DIFFRACTION 


By L. G. DOWELL and A. P. RINFRET 
Tonawanda Research Laboratory, Linde Company, Division of Union Carbide Corporation, New York 


N recent years a number of investigators have 
I studied the low-temperature, low-pressure struc- 
tures of ice, using such techniques as thermal analysis 
(Pryde and Jones'), electron diffraction (K6nig?), and 
X-ray diffraction (Barnes*). A comprehensive treat- 
ment of the literature is given by Blackman and 
Lisgarten*. General agreement exists that there are 
three possible phases of ice at low temperatures and 
pressures, namely, hexagonal or ice I, diamond cubic, 
and vitreous. There is, however, wide divergence of 
opinion as to the details of formation of these phases 
and to the conditions for their existence. We have 
determined the temperature-ranges in which the 
various phases exist and the rates of transformation 
from one phase to another. We have been able to 
produce vitreous ice only by condensing water vapour 
on a surface maintained below — 160° C. This 
vitreous ice undergoes a partial and _ irreversible 
change to cubic ice at temperatures above — 160° C., 
the rate of transformation being strongly dependent 
on temperature. The mixed cubic-vitreous phase 
undergoes an irreversible transformation to hexagonal 
ice I at temperatures above — 130° C., the rate also 
being dependent on temperature. 

The basic X-ray equipment consisted of a water- 
cooled diffraction unit (Noreleo Type 12045), a copper 
target X-ray tube, a scaler-ratemeter (Norelco Elec- 
tronic Circuit Panel, Type 12096), a linear amplifier 
(Norelco Main Amplifier Chassis, Type 42234) and 
pulse-height analyser (Atomic Model 510). The 
diffractometer was built in our own shops but closely 
resembled the Norelco Type 42266. It was equipped 
with a flow-type proportional counter using an argon— 
methane (90: 10) gas mixture. 

A low-temperature vacuum chamber attachment 
was constructed as a replacement for the regular 
sample holder. It consisted of a hollow copper tank 
(Fig. 1) containing a depression for the sample plate 
and was attached to a phenolic block which was in 
turn attached to the sample shaft. An O-ring pro- 
vided a vacuum seal between the vacuum chamber 


Fig. 1. Low-temperature cell for the X-ray diffractometer 
A, diffractometer sample shaft ; B, vacuum chamber base plate ; 
c, thermocouple; D, phenolic block; 2, refrigerant lines ; 
F, hollow cold cell; @, specimen plate; H, vacuum chamber 

cover; J, vacuum connexion ; J, water vapour inlet 


back-plate and the phenolic block. The back-plate 
carried Kovar seals for the thermocouple leads and 
also carried the refrigerant lines. The vacuum cover 
was sealed to the back-plate with an O-ring and con. 
tained slots covered with polystyrene sheets as the 
X-ray windows. The vacuum connexion was also in 
the cover. The copper—constantan thermocouple was 
cemented to the sample plate with silver paint and was 
located just outside the area irradiated by the X-ray 
beam. A vapour inlet tube was inserted into the 
vacuum cover, and its tip was located 1 in. above 
the centre of the sample plate. Finally, a 0-00035-in. 
nickel foil sheet was placed over the depression in the 
tank and served both as a thermal radiation shield 
and as an X-ray filter. 

The vacuum system consisted of a rotary oil-sealed 
pump which maintained a vacuum estimated at about 
5u except during sample preparation. This pressure 
provided adequate thermal insulation yet did not 
cause noticeable sublimation of the sample except at 
temperatures above —30°C. The total heat leak was 
such that the rate of warming was about 3 deg. C. 
per min. at — 160° C. and less than 2 deg. C. per 
min. at — 90° C. when the refrigerant supply was 
discontinued. 

Two refrigerant systems were used. For investi- 
gations near — 190° C., liquid nitrogen was forced 
through the refrigerant lines directly into the cold 
cell. The minimum temperature obtained was 
— 192° C. For most of this work, however, the 
various temperatures wero maintained by means of a 
stream of nitrogen gas which first passed through a 
copper coil immersed in a Dewar flask of liquid 
nitrogen before moving into the cold cell. By con- 
trolling the rate of flow of the gaseous nitrogen, any 
temperature down to — 175° C. could be maintained 
as long as needed. 


Ice Structures 


Hexagonal phase. Much has been published con- 
cerning the structure of ordinary hexagonal ice 
(usually called ice I), and the reader is referred to 
Owston® for an excellent review of this literature. 
We will discuss the simple Barnes model of ice which 
shows only the oxygen arrangement in the lattice, 
since the hydrogen atoms contribute so little to the 
X-ray diffraction pattern. 

One may conveniently consider the hexagonal 
model as being built up of layers of oxygen atoms, 
each layer consisting of a network of open puckered 
hexagonal rings. Each additional layer is a mirror 
image of the preceding layer, so that the stacking is 
of the A-B-A-B-::-- sequence. . It can be shown 
that this leads to the tetrahedral arrangement of 
atoms of oxygen known to exist in ice I. The cy 

eter is twice the layer spacing and was found 
to be 7-338 + 0-004 A. at — 175° C., while the a, 
parameter was 4-498 + 0-002 A. There are four 
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100 Tnoo Table 2. CRYSTAL PARAMETERS FOR HEXAGONAL AND CuBIC ICE 
90 | Cubic 
Hexagonal 
80 Diamond cubic| Pseudohexa- 
(002) | | ce gonal cell 
a | 4-498 4 6-358 A 4-495 A 
Co 7:338 A 11-012 A 
(Hon 1-631 2-450 
= Layer spacing 3-669 A. - 3-671 A. 
= 50 Density 0-924 gm./em.? | 0-923 gm./cm.*| 0-923 gm./em.* 
E “~ A typical X-ray diffraction pattern of the cubic 
= phase is shown in Fig. 3, and Table 3 lists the d 
20 _ values and intensities of all lines appearing up to 
a 56° (20). The small peak appearing to the left of the 
10 | | (2001)\:200 (111) peak is partly due to a trace of hexagonal ice 
. L JI and partly to the maximum of the residual vitreous 
00 24 28 32 96 40 4 48 52 66 ‘10 ‘The intensity ratios are quite reproducible and 
lines show considerable broadening. Application 
Fig. 2. X-ray diffraction pattern of hexagonal ice (ice I) of the Scherer law Ges om ~as on particle size of 
about 400 A. This same result is obtained regardless 


molecules per unit cell, leading to a computed 
density of 0-924 gm./c.c. A typical X-ray diffraction 
pattern of this phase is shown in Fig. 2, and Table 1 
shows the d values and relative intensities of all lines 
observed up to an angle of 56° (260). The lines are 
quite sharp, indicating no line broadening due to 
small particle size. The variation of intensity ratios 
from experiment to experiment indicates either the 
presence of large particles or of preferred orientation 
of somewhat smaller particles. The relative intensities 
listed in Table 1 are the averages of several typical 
patterns of this phase. 


Table 1. X-RAY DIFFRACTION DATA FOR HEXAGONAL IcE AT — 175°C. 


hkl | 26 (deg.) | d(A.) 
100 22-82 | 3-897 100 
002 24-26 3-669 75 
101 25-89 3-441 53 
102 33-55 2-671 17 
| 110 40-09 2-249 39 
103 43-70 | 2-072 30 
200 46-62 1-948 4 
112 47°41 1-918 18 
| 201 48°34 1-883 3 
202 53-24 1-721 2 


Diamond cubic phase. Kénig* was probably the 
tirst to recognize and deduce the structure of cubic 
ice. Shallcross and Carpenter* confirmed the identity 
of this structure, describing the conditions for its 
formation as well as its properties. The oxygen atoms 
are located in a diamond cubic lattice, but the 
structure may also be considered as being built up in 
layers of oxygen, each layer identical with that of 
the hexagonal phase. However, each successive layer 
is shifted one-half the diameter of the hexagonal ring, 
leading to the A-B-C-A-B-C----- stacking sequence 
typical of the diamond cubic system. 

We have found the cubic parameter to be a, = 
6-358 + 0-004 A. at — 185° C., leading to a com- 
puted density of 0-923 gm./e.c. This density is 
identical with that of the hexagonal phase within 
experimental error. The similarity of the structures 
of the two phases is more easily seen by deducing the 
pseudohexagonal cell of the cubic phase and com- 
paring it with the hexagonal phase (Table 2). It will 
be noticed that the a, parameters are the same, but 
the ¢, parameter of the pseudohexagonal cell is 
50 per cent greater, leading to the same layer spacing 
for both phases. 


of the rate or temperature of transformation from the 
vitreous phase. 
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80 
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3 40 (220) 
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(310) 
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0 
20 24 28 32 36 40 44 48 52 «456 
Diffraction angle—degrees 
Fig. 3. 


X-ray diffraction pattern of diamond-cubic ice in the 
of vit ice 


It should be pointed out that we have never 
observed the cubic phase in a pure state, but always 
with what has been considered as a modification of 
the original vitreous phase. This aspect of the 
problem is examined in the following section. 

Vitreous phase. Fig. 4 shows a typical X-ray 
diffraction pattern of vitreous ice. It is characterized 
by two intensity maxima, one at 24° (26) corres- 
ponding to a Bragg spacing of 3-71 A. and having a 
half-width of 5-0°, and the second at 42° (26) corres- 
ponding to 2-15 A. Dorsey’ has compiled a list of 
X-ray diffraction patterns of liquid water reported by 
a number of investigators. These data indicate 
periodicities in the structure having values of 3-20 A, 
2-11 A. and 1-35 A. Although our observed value of 
2-15 A. and the reported value of 2-11 A. are in 


Table 3. X-RAY DIFFRACTION DATA FOR CUBIC Ick AT —185° C. 
hkl | 26 (deg.) ad(A.) 
lll 24-25 3-670 100 
40-11 2-248 40 
311 47°43 1-917 15 
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Fig. 4. X-ray diffraction pattern of vitreous ice 


agreement, the 3-71 A. observed value is unique. It 
is therefore evident that the structure of vitreous ice 
is different from that of water at ordinary tem- 
peratures. Further discussion of the structure of this 
phase is found in the final section of this article. 

The portion of the original vitreous ice which 
remains after the cubic transformation is complete 
has also been altered. If the shape of the vitreous 
diffraction curve near 24° (26) is observed during the 
transformation to the cubic phase, it is found that 
the centre of the curve remains virtually unchanged, 
whereas the intensity gradually diminishes on the 
high-angle side and more abruptly on the low-angle 
side. At the same time, the relatively sharp cubic 
(111) line appears on the crest of the vitreous maxi- 
mum. When an estimated 30 per cent of the vitreous 
ice has been transformed to the cubic phase, the 
conversion ceases regardless of the time or tem- 
perature involved. In addition, this same pattern is 
observed when the original condensation is carried 
out at temperatmes sufficiently high to form the 
cubie phase directly. 


Production of Vitreous Ice 


Several attempts were made to produce vitreous 
ice from liquid water, but none was successful. They 
included spraying water on a substrate held at 
— 190° C., and plunging films of water on metal 
foils into liquid nitrogen. Only normal hexagonal ice 
resulted, as might be expected from Luyet’s® pre- 
diction that a cooling-rate of 20,000 deg. C. per sec. 
would be required to vitrify liquid water. 

In another method, atmospheric moisture was 
collected on the refrigerated sample plate. Small 
amounts of vitreous ice were obtained ; but, as the 
deposit formed, the surface temperature rose due to 
the insulating effect of the ice layer and the crystalline 
forms of ice appeared, as did solid carbon dioxide. 

The condensation of pure water vapour is the most 
reliable and practical method of producing vitreous 
ice. Although the direct condensation of vapour from 
a liquid or solid source has been used by most investi- 
gators, we have found that greater control can be 
exercised by using a stream of wet gas. We caused 
a small stream of nitrogen gas to pass through a 
spiral gas-washing bottle containing distilled water 
and then through a needle valve into the vapour 
inlet tube built into the vacuum cover of the low- 
temperature cell. The wet gas impinged on the 


centre of the cold sample plate, where the water 
vapour was condensed and the nitrogen was con- 
tinuously pumped off. The thickness of the ice film 
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was computed by measuring the decrease in intensity 
of the diffraction pattern of the silver sample plate. 
At a rate of flow of 75 c.c. per min. of wet nitrogen, 
a layer of ice 60u thick was deposited in 30 min. 

No attempt was made to determine accurately the 
conditions for the formation of the various phases 
from the vapour state. However, we found that 
vitreous ice could be formed at any temperature 
below — 160° C., while various amounts of eubic ice 
appeared if condensation occurred at higher tem. 
peratures. Above — 120° C. a very highly oriented 
film of hexagonal ice formed. We also found 60u to 
be the maximum thickness of vitreous ice obtainable. 
This was also probably due to the high surface 
temperature acquired as the deposit thickened. 

Most of the work reported here was carried out 
using a polycrystalline silver plate for the substrate. 
To test the substrate effect several trial experiments 
were made using a glass plate, but in no part of the 
entire procedure was any difference noted. It is 
concluded that our results are free of any substrate 
effects. 


Phase Transformations 


Vitreous to cubic. This irreversible phase change 
was observed to be strongly dependent on tempera- 
ture and took place in the temperature range — 130° 
to — 160°C. At higher temperatures, the conversion 
is very rapid and no measurements of rate were made. 
The rate of transformation was measured by setting 
the X-ray diffractometer at the correct angle for the 
cubic (111) line and observing the increase in intensity 
as a function of time at various temperatures. The 
transformation appears to proceed linearly with time, 
until it nears completion, when it suddenly slows. 
The conversion times were obtained by extrapolating 
the main part of the time — intensity curves to the 
maximum intensities when equilibrium was reached. 
It should be noted that this occurs when about 
30 per cent of the original ice has been converted, as 
estimated from the area under the vitreous curve and 
the peak heights of the crystalline phases. For the 
lower temperatures the scaler and timer were used 
periodically to determine the increase in counting- 
rate with increasing time. The temperature was then 
raised to — 120° C. for a short time to ensure the 
maximum conversion, the counting rate was measured, 
and the transformation time was computed. Equation 
1 relates conversion time and sample temperature in 
the range of — 135° C. to — 160° C.: 


4 = 2-04 x 10° x exp(— 0-4657) (1) 


where ¢ is the time in minutes for the conversion and 
T is the absolute temperature in degrees Kelvin. A 
graph of observed values is shown in Fig. 5. The 
transformation occurs rapidly above — 135° C., and 
if the temperature of a specimen of vitreous ice is 
raised at a rate of 5 deg. per min., the conversion 
appears to take place suddenly near — 130° C. 

A single determination of rate was carried out at 
— 160° C., but since the 12-hr. observation period 
was a small fraction of the computed transformation 
time of 205 days, we do not consider that observations 
at this temperature are reliable. One approach to 
this problem is to store a specimen for weeks at 
— 160° C. and lower, and to examine it periodically 
by X-ray diffraction methods to determine whether 
our equation is valid for lower temperatures. 
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10°. 


Time (min.) 


—160 -—155 -—150 —140 —135 
113 118 123 128 133-138 


Temperature 


—130° 
143° 


Fig. 5. The time necessary for the conversion of vitreous to 
cubic ice 


Cubic to hexagonal. A further increase in tem- 
perature above — 130° C. allows transformation to 
the hexagonal phase. Although it is certain that the 
residual vitreous ice becomes converted to hexagonal 
ice, the evidence that the cubic phase is also con- 
verted is indirect. All three diamond cubic lines 
exactly coincide with hexagonal lines, and the large 
particle size and possible orientation effects of the 
hexagonal phase make the analysis of intensity ratios 
a poor guide to the presence of the cubic phase. 
However, the sharpness of the hexagonal lines and 
the lack of broadness near the base of the lines show 
that the cubic ice, if present, has appreciably in- 
creased in particle size. We conclude that probably 
both the vitreous and the cubic forms are converted 
to the hexagonal phase, and we will call it the cubic— 
hexagonal transformation. 

The rate of this transformation is also dependent 
on temperature, although much less sensitive in this 
respect than is the vitreous—cubic change. The rate 
was measured with the same procedure described 
earlier, except that the diffractometer was set at the 
angle for the (100) line of hexagonal ice. Equation 2 
relates time of conversion and sample temperature in 
the range of — 65° to — 120° C.: 


t = 2-58 x 10" x exp(— 0-1267) (2) 


with ¢ in minutes and 7 in degrees Kelvin. The 
observed values are shown in Fig. 6. This trans- 
formation occurs rapidly above — 70° C., and if the 
temperature of a specimen of vitreous and cubic ice 
is raised at a rate of 5 deg. C. per min. the conversion 
takes place rather quickly near — 60° C. 

A single determination of rate was carried out at 
— 120° C., but here also the time of observation was 
too short for us to obtain reliable results. 


Discussion and Conclusion 


The results presented require consideration of 
alternatives with respect to the actual structure of 
the vitreous phase. Of two possible interpretations 
of the observed diffraction pattern, one is that the 
‘vitreous’ ice obtained by our procedure is composed 
of small particles of crystalline ice, so small that the 
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diffraction maxima are greatly broadened. Sup- 
porting this view is the fact that the 3-71 A. spacing 
is very close to the 3-67 A. value of the (111) line of 
cubic ice. Further, the 2-15 A. value is between those 
of the (220) and (311) lines of cubic ice, and could be 
due to the overlapping of these two lines. However, 
application of the Scherer formula to the 3-71 A. peak 
gives a particle size of about 20 A., or about 3 unit 
cells in length. Since ordering is even less in the other 
directions and since the very essence of the crystalline 
state is the regular repetition of the unit cell, we 
consider it without significance to refer to this as a 
microcrystalline phase. 

The second interpretation of this type of pattern 
is that ‘vitreous’ ice really has a typical vitreous or 
random network type of structure. In agreement 
with this theory are the following facts : 

(1) No sharp conversion temperature from the 
vitreous phase was observed. This is consistent with 
the slow development of a crystalline lattice from a 
disordered array of molecules as the temperature is 
raised. 

(2) Below — 160° C., substrate temperature and 
the rate of deposition of vapour produced no change 
in the X-ray diffraction pattern. Since crystal size 
is directly related to temperature, changes in the 
sharpness of the maxima could reasonably be expected 
between —190° and —160°C. if a microcrystalline 
structure were characterisiic of vitreous ice. 

(3) During the vitreous-— cubic transformation 
(— 160° to — 130° C.) the intensity of the cubic peaks 
changed but their half-widths remained unaltered. 
This supports the interpretation of phase change (to 
a structure of constant particle diameter) rather than 
crystal growth. 

(4) An exotherm near — 130° C. was reported by 
Pryde and Jones’. This observation would be 
expected if associated with a change in order, but 
would not be expected if associated with the growth 
of larger crystals at the expense of their smaller 
neighbours. 

The foregoing observations predict that if a sample 
of vitreous ice is rapidly warmed, for example, 5 deg. 
C. per min., the vitreous—cubic transformation should 


10*} 
10°} 
= 
10° be 
—130 “110 -—100 —90 —380 —70° C. 
143 153 163 173 193 203° K. 
Temperature 
Fig. 6. The time necessary for the conversion of cubic to hexa- 
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appear suddenly at about — 130° C. In a number of 
such experiments we have observed a sudden increase 
in the intensity of the cubic (111) line in the range 
—126° to —130°C., depending on the rate of in- 
crease of temperature. There can be little doubt 
that the exotherm reported by Pryde and Jones is 
due to this particular transformation and not to the 
vitreous~hexagonal one they have assumed. That 
we have observed only a partial transformation to 
the cubic structure is in agreement with their observa- 
tion of a smaller amount of heat evolution during the 
phase transition than was expected on theoretical 
grounds. 

If te fraction of the original vitreous ice that did 
not become converted to cubic ice is in fact vitreous, 
a second exotherm should be observed when it is 
converted to hexagonal ice. It is assumed that 
because of the structural similarity between the two 
crystalline phases very little heat will be evolved if 
or when the portion having the cubic structure is 
converted to the hexagonal. On the basis of the 
results presented for the cubic—hexagonal trans- 
formation, if the temperature is raised at about 5 deg. 
C. per min. through the — 90° to — 50°C. range, the 
second exotherm should appear at about — 60° C. 
Pryde and Jones, however, state that no thermal 
change (other than that at — 129° C.) occurred until 
the temperature reached 0° C. They did not include 
in their report the rate of warming of the specimen ; 
but if, through the range —90° to —50° C., it was not 
greater than that near —130°C., it is likely that the 
exotherm would not have been observed. This is due 
to the relatively slow rate of crystallization to the 
hexagonal phase, a change which is far less sensitive 
to temperature than the vitreous—cubic transition. 
Slow crystallization would occur over a wide tem- 
perature-range making it difficult to observe an 
exotherm. To define more clearly the structure of 
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the vitreous state, precise thermal measurements 
should be carried out on samples shown by X-ray 
diffraction techniques to be in that state.. 

We conclude that in vitreous ice domains exist in 
which there is a tendency toward the same layer 
structure present in the crystalline phases, although 
with random distribution of molecules within the 
layers. Those domains having“very nearly the same 
layer spacing as the crystalline phases are apparently 
quite stable, but those having greater disorder are 
unstable. At temperatures above — 160° C., crystal. 
lization to the cubic phase begins spontaneously at a 
few sites in the unstable zones, and the crystallites at 
each site quickly grow to about 400 A., where further 
growth is hindered by the more stable zones. Further 
crystallization takes place at new sites in the unstable 
domains, the process continuing until all such areas 
have crystallized. This state is now stable at all 
temperatures below — 130° C. 

Above — 130° C. both the cubic and the remaining 
vitreous ice begin to show conversion to the stable 
hexagonal phase, the individual crystallites growing 
to moderate size, probably nea: 10u. In view of the 
abundant evidence showing that ice crystals can grow 
in size at temperatures many degrees below the 
freezing point, it is reasonable to suppose that the 
ultimate size of the crystallites will depend on the 
highest temperature to which the sample is exposed 
for a given time. 

‘Pryde, J. A., and Jones, G. O., Nature, 170, 685 (1952). 
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* Dorsey, N. E., ed., “‘Properties of Ordinary Water Substance”, 320 
(Reinhold Pub. Corp., New York, 1940). 

* Luyet, B. J., “Cytology of the Blood and Blood ee 
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THE COLE LIBRARY OF ZOOLOGY AND EARLY MEDICINE, 
UNIVERSITY OF READING 


T has eften been stated that the scientist is lacking 
in literary and artistic merit, yet this is far 
from the truth. Its complete falsity is demonstrated 
by the example of the renowned biologist, artist and 
historian of the evolution of biological knowledge and 
thought, the late Prof. F. J. Cole, who died in 1959 
at the age of eighty-six. Whatever he did he made 
as perfect as possible, and his achievements in 
research, in the Department of Zoology which he 
founded at the University of Reading, the Museum 
which he built up, and the Library which he collected 
in his home, all testify to his greatness as a man of 
learning. When he retired from the professorship of 
zoology in 1939, the Council of the University resolved 
that the museum should be known as the Cole Museum 
(Nature, 177, 555; 1956). This article deals with his 
library, henceforth to be known as the Cole Library. 
Prof. Cole was a confirmed bibliophile. He collected 
books from his school-days onwards, throughout his 
long life. At first he bought the great monographs 


of biology, then turned more and more to the earlier 
works, so that at the end of his life he had built up a 
library of about eight thousand volumes, illustrating 
the history of early medicine and zoology from the 


fifteenth century to the present day. In 1932 he had 
a house built on the Chilterns, literally around the 
bookcases, and after his retirement from the professor- 
ship of zoology in the University of Reading in 1939, 
he compiled author, title and subject catalogues, 
before writing his major historical work, “A History 
of Comparative Anatomy from Aristotle to the 
Eighteenth Century” (ref. 1). 

This Library, the most exhaustive one of its kind 
in private hands in the country, has recently been 
acquired by the University of Reading. For the 
present the books will remain in the late Prof. Cole’s 
house, where they will be available to scholars as 
heretofore ; but when the new University Library 
building, to be erected in Whiteknights Park, is 
completed, they will be transferred to a room set 
apart for the books and the catalogues, as the Cole 
Library, a fitting complement to the Department of 
Zoology and the Cole Museum at the University of 
Reading. 

The two earliest books in the library are incunabula. 
Pliny’s “Natural History” (‘‘Caii Plynii Secundi 
Naturalis Historiae Libri Tricesimiseptimi’”’) was 
printed in Venice in 1472. Although rebound in 
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vellum, it is in perfect condition, and has thirty-five 
coloured illuminated capitals and one full-page 
illumination. Aristotle’s “De Historia Animalium, 
De Partibus Animalium, De Generatione Animalium”’ 
(Venice, 1476) is the first edition of the Latin transla- 
tion by Theodorus Gaza. That doodling was an 
ancient habit is evident from the contemporary 
patterns made in the margins by one Angelus 
Calydonius, who signed his name on p. 110, September 
7, 1491. 
It is noteworthy that nearly all the authors of 
biological books in the sixteenth and seventeenth 
centuries were medical men. Their works, for reasons 
that may be inferred, were frequently dedicated to 
dignitaries of the Church—cardinals and popes. 
Their subject was prim- 
arly the human body, 
though with references, 
not always acknowledged, 
to the bodies of animals. 
A beautiful copy of 
Galen’s works in six 
volumes (“Omnia Quae 
Extant Opera ex Secunda 
Juntarum Editione’’) is 
in the Library. It was 
printed at Venice in 1550. 
But Galen’s a was 
ing, and the professor 
would read 
chapters from his works 
to his students. Inde- 
pendent accounts of the 
human body, based on 
dissection, were appear- 
ing. The first of these, 
and the most valuable 
book in the library, is 
“De Humani Corporis 
Fabrica” by Andreas 
Vesalius, first edition, 
printed at Basle in 1543. 
The second edition, 1555, 
is in its original tooled 
leather binding, with 
metal clasps, by Johannes 
Mechler, 1557. Prof. 
Cole never tired of show- 
ing these two magnificent 
folios to his visitors. 

A valuable French 
book of the period is 
Estienne’s ““La Dissection 
des Parties du Corps 
Humain” (Paris, 1546). 
Its beautiful binding is in red morocco, tooled 
gold. ‘Thomas Vicary’s “The English Man's Treasure, 
with the true Anatomie of Man’s Bodie” (Black 
Letter, London, 1596) is a transcript of a fourteenth- 
century manuscript, and is therefore pre-Vesalian. 
Only two other copies of this edition were known to 
Prof. Cole—one in the Bodleian and the other in the 
Surgeon-General’s Library in Washington. The first 
Englishman to make a systematic study of natural 
history was the physician Edward Wotton, who 
graduated, as Harvey did, at Padua. His book “‘De 
differentiis Animalium” (Lutetiae Parisiorum, 1552) 
is a fine copy bound in limp vellum. ; 

The chair of anatomy at Padua was filled during 
the sixteenth and seventeenth centuries by Vesalius, 
Columbus, Fallopius, Fabricius, Casserius, Spigelius 
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and Veslingius. Vesalius has already been men- 
tioned, and works by Columbus, Fabricius, Casserius 
and Veslingius are represented. Of the three works 
of Fabricius (Harvey's teacher) the most important 
is “Tractatus Quatuor” (Francofurti, 1624) which 
contains the section “De Venarum Ostiolis”, and 
describes, without understanding of their function, 
the valves of the veins. The beautiful pubications of 
Casserius, the pupil and understudy of Fabricius, 
include a fine copy, with portrait, of his “De Vocis 
Auditusque Organis Historia Anatomica”, bound up 
with “De Auris Auditus Organi Historia Anatomica” 
(Ferrariae, 1601, 1600) and by his ‘“‘Pentaestheseion, 
hoc est De Quinque Sensibus Liber” (Venetiis, 1609). 
Both works describe the sense organs of animals as 
well as those of the 
human subject. 

The study of aquatic 
animals interested phys- 
icians at this period. 
Pierre Belon, called by 
Casey Wood “‘the founder 
of modern ichthyology”’, 
published “L’Histoire 
Naturelle des Estranges 
Poissons Marins, avec la 
Vraie Peincture et De- 
scription du Dauphin” 
(Paris, 1551). This, the 
first edition, is very rare. 
But the finest early work 
on fishes is Salviani’s 
“Aquatilium Animalium 
Historiae” (Romae, 
1554), famous for its 
eighty-one full-page cop- 
per-plate engravings of 
fishes and marine crea- 
tures by Nicolas Béat- 
rizet. Rondelet’s “Libri 
de Piscibus  Marinis”’ 
(Lugduni, 1554-55), with 
its cruder but more num- 
erous woodcuts of all 
kinds of marine creatures, 
is in its original tooled 
leather binding, with 
metal clasps. 

An interesting, rare 
and beautiful volume, 
the provenance of which 
was described by Prof. 
Cole in his “Obiter Dicta 
Bibliographica’’*, is Carlo 
Ruini’s ‘“Dell’Anotomia 
et dell’Infirmita del Cavallo’ (Bologna, 1598). 
This is the first complete work on the anatomy of 
an animal, and was plagiarized by Snape and 
others. 

We come now to the seventeenth century, “the 
most constructive and significant period in the history 
of modern biology”. The whole animal kingdom is 
reviewed in the eleven publications of Aldrovandus, 
ranging from 1613 to 1668. Four books by Severino 
include a fine copy of his “Zootomia Democritaea’’, 
with portrait (Noribergae, 1645). Six works of 
Walter Charleton, with a copy of the first edition of 
his “Onomastikon Zoicon” (Londini, 1668). Eight 
works by Redi, who in his ‘“Esperienze intorno alla 
Generatione degl’ Insetti’’ (Firenze, 1668), “‘success- 
fully attacked by experiment the universal belief in 
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spontaneous generation’. Nine works by Jan 
Swammerdam, whose ‘““Ephemeri Vita of afbeeldingh 
van’s Menschen Leven” (t’Amsterdam, 1675), is the 
first edition of a superb monograph on the may-fly. 
Two volumes of Samuel Collins’s “Systeme of 
Anatomy, treating of the Body of Man, Beasts, Birds, 
Fish, Insects and Plants’? (London, 1685), the first 
treatise on comparative anatomy by an Englishman, 
and with an extremely fine engraved portrait by 
Faithorne. Edward Tyson’s “Orang-outang [that is, 
chimpanzee], sive Homo sylvestris, or the Anatomy 
of a Pygmie compared with that of a Monkey, an 
Ape and a Man”’ (first edition, London, 1699) is 
signed “The Author’s gift, June 9, 1699”. 

The seventeenth century was the century of 
William Harvey. Prof. Cole did not possess a first 
edition of Harvey’s “De Motu Cordis et Sanguinis 
Circulatione”’ ; but he had copies of all the facsimile 
productions and translations down to Dr. Franklin’s 
translation of 1958. In this work Harvey put the 
last stone on an edifice, the foundations of which had 
been built by many other workers, but in his work 
on generation in animals (“‘Exercitationes de Genera- 
tione Animalium”’; first edition, Londini, 1651) he 
was a pioneer, and the book was described by Prof. 
Cole as the “work of a sadly puzzled human being”’. 
The Elzevir edition (Amstelodami, 1651) was T. H. 
Huxley’s copy. 

A remarkable feature of the seventeenth century 
was the foundation of learned societies in the great 
capitals of Europe, and the participation of groups 
of investigators in research. Though the series of 
the Philosophical Transactions of the Royal Society is 
not complete, the earliest and rarest volumes and 
also long runs are in the library. The fifteen volumes 
of the German “Academia Naturae Curiosorum’”’ 
(Frankfurt und Leipzig, 1670-90) is a fine series, 
bound in the original vellum. Of the Danish publica- 
tion, “Acta Medica et Philosophica Hafniensia”’, 
associated with Thomas Bartholin, 1671-79 (all 
issued), published 1673-80, only two other complete 
copies were known to Prof. Cole. Vol. 1 bears the 
signature of Clopton Havers, M.D. The Amsterdam 
Society was short-lived, and Prof. Cole was unable 
to purchase a copy of its Proceedings, so he had a 
facsimile edition of a hundred copies of ‘“‘Observationes 
anatomicae selectiores Collegii privati Amsteloda- 
mensis’”’ (Amstelodami, 1667-73), printed in the 
Typography Department of the University of Reading 
in 1938. Of the “Académie des Sciences’”’ in Paris, 
there are the two volumes, large folio, of C. Perrault’s 
“Mémoire pour servir & Ilhistoire naturelle des 
Animaux” (Paris, 1671 and 1676), and a magnificent 

copy of the 1676 volume, handsomely bound in red 
rnoroceo, with the royal fleur-de-lis tooled in gold, 
and showing on the title-page Louis XIV and his 
minister Colbert attending a meeting of the Academy 
in the Royal Library at Versailles in 1671. The 
Italian Society, Accademia del Cimento, is in Richard 
Waller's English translation, entitled ‘‘Essayes of 
Natural Experiments made in the Academie del 
Cimento” (London, 1684). 

Returning to the Royal Society, there are the works 
of many of the original Fellows. Robert Boyle’s six 
works include the complete works in five volumes 
printed in 1744; this set was formerly the property 
of the Boyle family, and bears the bookplate of the 
Earl of Cork and Orrery. Thomas Willis is represented 
by six works, including the first edition of “Cerebri 
Anatome”, 1664, Robert Hooke by seven works, 
including the first and second editions of the ‘“Micro- 
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graphica” (1665 and 1667 respectively), Nehemiah 
Grew by six works, including his “Anatomy of 
Vegetables Begun”’ (1672), “The Anatomy of Plants” 
(1682) and “The Comparative Anatomy of Stomachs 
and Guts Begun” (1681) and Marcello Malpighi by 
seven works, a most valuable and complete set, 
including the “Opera Omnia’’, which Prof. Cole made 
perfect by buying three copies and binding the 
three volumes in one, with the portrait and the life 
(Londini, 1687, 1686 and 1697). There are fine copies 
of ““Dissertatio epistolica de Bombyce”’ (first edition, 
Londini, 1669) and “‘Dissertatio epistolica de Forma. 
tione Pulli in Ovo” (first edition, Londini, 1673), 
Among the eight works of Antoni van Leeuwenhoek, 
the Dutch draper who, working in isolation, had to 
trust to his own observation and judgment, are the 
Dutch edition of his works in four volumes (Leyden 
and Delft, 1684-1718), the Latin edition (Lugd. Bat., 
1722), the select works in four volumes (1798—99 and 
1800-07) and the current ‘Collected Letters of 
Antoni van Leeuwenhoek, vols. 1—5 (all published to 
date) (1939-57). 

The eighteenth century was a period of great 
activity by numerous major and minor investigators 
in all branches of biology, particularly in the attempt 
to understand the functions of the organs of animals. 
So physiology went side by side with anatomy. The 
microscope, too, was coming into use, thus enabling 
the minutest parts of animals to be examined. 
Museums were founded, and great skill was shown in 
preserving, injecting and otherwise exhibiting whole 
animals or their parts. There was a great accumula. 
tion of factual knowledge in preparation for the 
Darwinian era in the following century. Only a few of 
the outstanding works can be mentioned, chosen to 
illustrate the diversity of treatment and subject. 
“Oeuvres anatomiques de M. Duverney”’ (two volumes, 
Paris, 1761) contains reprints of his beautiful and 
detailed studies on the sinuses of the dura mater, on 
the structure, function and diseases of the ear, and 
the first accurate account of the solar plexus. Spal- 
lanzani’s seventeen works include his “Essay on 
Animal Reproductions’’, translated from the Italian 
of 1768 (London, 1769), the forerunner to his con- 
clusive experiments on the origin of life, described in 
his “Opuscula di Fisica Animale et Vegetabile” 
(first edition, two volumes, Modena, 1776). Com- 
prehensive faunistic works were beginning to appear, 
one of the earliest being O. F. Miiller’s “Zoologica 
Danica” (third edition, Havniae, 1788-1806) with 
many illustrations of marine animals. It was 
published posthumously. The learned Swiss Albrecht 
von Haller, physician, physiologist, bibliographer and 
poet, has twenty-one entries in the catalogue. As a 
bibliographer his work is indispensable to a historian 
of biology, and the library contains his “‘Bibliotheca 
Botanica” (2 vols., Tiguri, 1771-72), “Bibliotheca 
Chirurgica”’ (2 vols., Bernae, 1774-75), “‘Bibliotheca 
Anatomica” (2 vols., Tiguri, 1774-77) and “Biblio- 
theca Medicinae Practicae’’ (4 vols., Bernae and 
Basiliae, 1776-88). It is said that Haller’s library 
contained 13,500 volumes and that he wrote more 
than five hundred scientific papers. Prof. Cole was 
@ great admirer of John Hunter, and his famous 
Museum, on which he planned his own Museum at 
the University of Reading. Hunter was not a diligent 
writer, and there are only six books of his in the 
Library ; but there are nearly forty entries of refer- 
ences to him and his work. A complete publication 

of John Hunter’s works in four volumes was pub- 
lished in London, 1835-37. John’s elegant brother 
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William was a renowned lecturer. Prof. Cole had 
two sets of manuscript notes of his lectures (c. 1770), 
one of 280 pages, testifying to the appreciation and 
diligence of two of his students. 

The nineteenth and twentieth centuries have pro- 
duced a voluminous literature in every branch of 
nology. The Library contains beautiful monographs 
in many languages. It is also rich in biographical 
and bibliographical works. Among the latter may 
be mentioned the Index Catalogue of the Library of 
the Surgeon General’s Office, U.S. Army, Washington, 
which Prof. Cole used constantly. The first, second 
and third series, in 16, 21 and 10 volumes respectively, 
are present. Of the modern transcriptions and 
translations there are the works of Leonardo da 
Vinci, namely, ‘‘Codice sul volo degli Ucelli’”’ (first 
edition, Rouveyre, Parigi, 1893), with the perfect 
facsimile of the original, ‘“Dell’Anatomia, Fogli A” 
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(Parigi, 1898), “I Manosceritti di Leonardo da Vinci, 
della Reale Bibliotheca di Windsor. Dell’Anatomia, 
Fogli B” (Torino, 1901), half the series (13 volumes) 
of the ‘‘Feuillets inédits’”’ (Paris, 1901) and ““Quaderni 
d’Anatomia”’, six volumes (Christiania, 1911-16), 
a truly noble collection, as most of these are limited 
editions. 

The above selection can give only a meagre idea 
of the richness and scope of this wonderful library. 
Prof. Cole’s wishes were that it should not be dis- 
persed, but should be available in toto, as it has been 
in the past, to scholars in the history of biological 
thought. This happy outcome has, we believe, been 
achieved by its acquisition by the University of 


? Macmillan and Co., I'‘d., 1944; reprinted with corrections, 1949. 
2 J. Hist. Med. Yale, 18, 1 (1958). 


OBITUARIES 


Prof. W. N. Thomas, C.B.E. 


Pror. W. N. Tuomas, professor of engineering in 
University College, Cardiff, during 1928-50, died on 
November 24. 

His initial engineering training was as pupil and 
assistant of the Borough Engineer at Crewe. 

During 1910-15 he lectured at the Universities of 
Nottingham and Birmingham. He then saw war 
service with the Royal Engineers in France and 
Flanders. He returned to university life at Bir- 
mingham and afterwards at Oxford, where he was 
chief assistant to Prof. Jenkin for five years and 
received the degrees of M.A. and D.Phil. He left 
Oxford to become principal assistant at the Building 
Research Station at Garston, and three years later, 
in 1928, he was appointed professor of engineering 
at Cardiff, a post in which he remained until his 
retirement in 1950. 

His time at Cardiff was broken by war service. In 
1939 he became scientific adviser to the Ministry of 
Home Security, and an expert on the effects of bombs 
on structures. He visited Moscow in 194] and led a 
team of specialists to Japan in 1945 to report on the 
atom bomb damage at Nagasaki and Hiroshima. 
In 1946 his war work was recognized by the award 
of the American Medal of Freedom and he was made 
C.B.E. 

On retirement from the University of Wales, 
Norman Thomas became president of the South 
Wales Institute of Engineers, and presided over the 
difficult negotiations which led to its amalgamation 
with the South Western Society of Mining Engineers. 
He continued his association with the Home Office 
and became chief scientific adviser for Wales on civil 
defence. He relinquished this appointment only a 
year ago. He was also active in the affairs of the 
Institution of Civil Engineers and made a number of 
journeys abroad on its behalf. 

His academic interests were well spread. Norman 
Thomas was an authority on the effect of frost on 
materials, and he published many papers on the 
mechanical properties of materials. He was author 
of a well-known text-book on surveying, and com- 
pleted a further revision within a year of his death. 
He also wrote a book on bridges and was interested 
in-military bridging. While at Cardiff he succeeded 


in having constructed an addition to his somewhat 
modest laboratories, and he lived long enough to 
take part in a token demolition of the wooden walls 
which were his academic inheritance ; and to see 
the demolition proper commence. His colleagues 
greatly regret that he did not survive a few more 
years to see the splendid new laboratories which will 
replace them. 

In personal characteristics, Norman Thomas was 
modest and retiring, but his quietly expressed 
opinions were well received by his colleagues, and he 
had an unusual capacity for inspiring other people’s 
affection. C. GuRNEY 


Dr. Pierre A. Chappuis 


THE Swiss zoologist Dr. P. A. Chappuis, who died 
at Zurich on July 9, 1960, was for many years 
assistant director of the Institut de Spéologie at Cluj, 
Rumania, where he also acted as Swiss Consul. At 
the time of his death he was attached to the Centre 
National de la Recherche Scientifique as director of 
research and assistant director of the Laboratoire 
Souterrain de Moulis (Ariége), France. 

He was born on September 5, 1891, at Saint-Cloud, 
Seine-et-Oise, France, where his father was assistant 
director of the International Bureau of Weights and 
Measures. Educated in Switzerland, he obtained his 
doctorate at the University of Basle in 1920; his 
thesis on the fauna of the subterranean waters in the 
neighbourhood of Basle was prepared under Prof. F. 
Zschokke. The following year he joined the staff of 
the recently created Institut de Spéologie at Cluj and 
in 1927 he succeeded R. Jeannel as assistant director. 
He remained at his post when, following the Treaty 
of Vienna, a large part of Transylvania was ceded to 
Hungary and his Rumanian colleagues went into 
exile (1940-45). E. Racovitza, the founder and first 
director of the Institut, died in 1947, and political 
events compelled Chappuis to leave Rumania in 1948. 

Until serious thyroid trouble put an end to 
strenuous activity, he was a great traveller. In 1921 
he and A. David explored the region of the White 
Nile. In 1929 he joined R. Jeannel and Ch. Alluaud 
in an expedition to the Sahara. In 1931 he and 
Alluaud crossed the Sahara and collected extensively 
in the regions of the Upper Volta and Ivory Coast. 


* 
L. 188 
*hemiah 
omy of 
Plants” 
omachs 
ighi by 
te set, 
© made 
ng the 
the life 
 COPies 
dition, 
‘orma.- | 
1673), Reading. 
nhoek, 
nad to 
“y= 
eyden 
Bat., 
9 and 
rs of 
great 
ators 
empt 
mals. 
The 
bling 
ined. 
in 
hole 
1ula- 
the 
w of 
n to 
ject. 
pee 
and 
, On 
and ; 
pal: 
ian 
on- 
in 
le” ea 
m- 
ica 
th 
ht 
nd 
a 
an 
4 
“a 
)- 
d | 
y 
8 
t 
t 
aie 


115? 


In 1932-33 he accompanied Jeannel and Arambourg 
on their expedition to the River Omo and climbed 
Mt. Elgon. He and his colleagues visited hundreds 


of caves in little-known or unexplored parts of 


Transylvania, notably in the Bihar Mountains, and 
in old Serbia. 

A fuller account of his life, together with a com- 
plete list of his numerous scientific publications, will 
appear in a memorial part of the Annales de Spélé- 
ologie. He wrote the third volume of Thienemann’s 
“Die Binnengewiisser”, entitled “Die Tierwelt der 
unterirdischen Gewisser’’ (Stuttgart, 1927). In the 
same year he also contributed the section on 
Anaspidacea to Kiikenthal and Krumbach’s “‘Hand- 
buch de Zoologie’’. He was an authority on various 
groups of freshwater and subterranean Crustacea, 
especially harpacticids, bathynellids and isopods. 
His discovery, in 1942, of the true habitat of Bathy- 
nella and other minute animals that occur sporadically 
in wells, springs or caves opened a new field of 
investigation. Since then numerous new or little- 
known interstitial animals, freshwater and marine, 
have been discovered in many parts of the world. 
Many of the Crustacea, including a European species 
of Mystacocarida, were described by Chappuis and 
his collaborators and his last years in France were 
exceedingly productive ones. 

In 1922 he married Heidie Spinnler, of Basle ; 
their son, Pierre, resides in Basle, and their daughter 
is married to an English architect. 

IsABELLA GORDON 


Dr. Gertrude L. Elles, M.B.E. 


Tue doyen of women geologists, Dr. Gertrude L. 
Elles, emeritus reader in the University of Cambridge 
and honorary Fellow of Newnham College, died at 
Helensburgh on November 18, in her eighty-ninth 
year. She entered Newnham as a scholar in 1891 and 
remained, with few interruptions, resident in Cam- 
bridge until a few weeks before her death. 

She obtained first-class honours in Part II of the 
Natural Sciences Tripos (Geology) in 1895 and for 
the next few years was associated with Lapworth at 
Birmingham and with Térnquist and others in 
Sweden. This initiated the work on graptolites for 
which she is so widely known, and she soon com- 
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menced with Dame Ethel Shakespeare the prepara. 
tion of the Palzontographical Society’s monograph 
on British graptolites under the editorship of Prof. 
Lapworth. The ten descriptive parts of this classic 
work appeared with extraordinary regularity between 
1901 and 1914 and established her position as a world 
authority on these fossils. Of a dozen or so smaller 
publications on them, the most significant was her 
“Graptolite Faunas of the British Isles’”’ (Geologists’ 
Association, 1922), which has exercised a profound 
influence on subsequent work on their faunal 
succession and evolution. 

Nevertheless, Dr. Elles’s interest in fossils wag 
pre-eminently that of the field geologist and strati- 
grapher, and, concurrently with her work on the 
graptolites, her investigations on Lower Palzozoic 
stratigraphy in Wales and the Welsh Borderland 
resulted in several papers on the geology of areas 
around Ludlow, Conway, Bala and Builth. Relatively 
late in her career, she turned to a completely new 
field in ‘hard-rock geology’, and jointly with Prof. 
C. E. Tilley published a notable contribution on 
metamorphism in relation to structure in the Scottish 
Highlands. 

Dr. Elles was closely associated with the Sedgwick 
Museum (or its forerunner, the Woodwardian Museum) 
for nearly seventy years. Her standing in the Depart- 
ment of Geology was formalized by her appointment, 
under the new statutes, to a University lectureship 
in 1926; ten years later, she became the first woman 
reader in the University. Few who have graduated 
in the Cambridge Department of Geology during this 
long period but were influenced by her enthusiasm as 
lecturer or supervisor; and many were drawn to 
Cambridge as postgraduate students to work under 
her direction. She inspired great affection among her 
colleagues, and as a teacher she will be remembered 
for her vitality, forthright manner and clarity of 
exposition. 

She held the degree of doctor of science of Dublin 
and of Cambridge. When the Geological Society of 
London extended its fellowship to women in 1919, 
she was one of the small but distinguished group at 
once admitted, and she was in the same year the 
first woman to receive the Society’s Murchison 
Medal. She was president of Section C (Geology) of 
the British Association in 1923. 

O. M. B. Butman 


NEWS and VIEWS 


Royal Society : New Gold Medal 

Tse Council of the Royal Society has accepted an 
offer by the Trustees of the Leverhulme Trust Fund 
to mark the occasion of the Royal Society’s Ter- 
centenary by the award of a gold medal. Under the 
terms of the offer, the medal is “for award by the 
Society, every three years, to the individual who in 
the opinion of its Council shall have made the most 
significant contribution in the field of pure or applied 
chemistry or engineering including chemical engin- 
eering. The medal, which will be in gold, will be 
accompanied by a monetary award of five hundred 
pounds”. The Council has made the first award of 


the medal to Sir Cyril Hinshelwood, who retired as 
president of the Royal Society on November 30, 
for his 


chemistry. 


outstanding contributions to physical 


Officers 


Stmr Howarp F.Lorey, president of the Royal 
Society, has appointed the following vice-presidents 
for the year ending November 30, 1961 : Sir Alexander 
Fleck, treasurer of the Royal Society, formerly 
chairman of Imperial Chemical Industries, Ltd. ; Sir 
Lindor Brown, biological secretary of the Royal 
Society, Waynflete professor of physiology in the 
University of Oxford ; Sir William Hodge, physical 
secretary of the Royal Society, Lowndean professor of 
geometry and astronomy in the University of Cam- 
bridge ; Sir Patrick Linstead, foreign secretary of the 
Royal Society, rector of the Imperial College of 
Science and Technology, London ; Prof. T. M. Harris, 
professor of botany in the University of Reading ; 
Dame Kathleen Lonsdale, professor of chemistry at 
University College, London. 
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The Gas Council’s London Research Station : 
Mr. G. U. Hopton 


Mr. G. U. Horron has been appointed the new 
director of the Gas Council’s London Research 
Station at the Fulham Laboratories. He was senior 
research chemist of the North Thames Gas Board 
from 1952, until the retirement of Dr. R. H. Griffith 
last August, when he became acting director. Mr. 
Hopton gained a first-class honours degree in chem- 
istry at Oxford and the same year joined the Gas 
Light and Coke Company. In 1936 he was awarded 
the MacNab Medal of the Institution of Chemical 
Engineers and in 1945 gained the H. E. Jones Medal 
of the Institution of Gas Engineers. From 1950 until 
this year he was chairman of the board of examiners 
of the Institution of Chemical Engineers. Mr. Hopton 
has also been vice-president of the Institution. He 
is a member of the board of studies in engineering of 
the National Council for Technological Awards. 


British Museum (Natural History) : Appointments 


Tue Principal Trustees of the British Museum have 
appointed Dr. F. C. Fraser, keeper of zoology, and 
Mr. J. E. Dandy, keeper of botany, to be deputy 
chief scientific officers in the British Museum (Natural 
History). They have also appointed Mr. J. P. 
Doncaster to be keeper of the Department of Entomo- 
logy in the British Museum (Natural History), in 
succession to Dr. W. E. China, who will retire on 
January 31; and Dr. J. P. Harding and Mr. J. F. 
Perkins to be deputy keepers in the Departments of 
Zoology and Entomology, respectively. 

Mr. Doncaster, who has been a deputy keeper in the 
Department of Entomology since December 1955, 
was educated at Leighton Park School, Reading, 
and St. Catharine’s College, Cambridge. After some 
years on entomological work at the Plant Virus 
Research Station, Cambridge, he entered the British 
Museum (Natural History) in 1937, to take charge 
of the newly formed Exhibition Section. During the 
War he was seconded to the Agricultural Research 
Council to work on the aphid vectors of potato 
viruses, returning to the Museum in 1945 to begin 
the re-designing and reconstruction of war-damaged 
exhibits. In 1951 he joined the staff of the Depart- 
ment of Entomology to take charge of the collections 
of Homoptera (Sternorhyncha) and Thysanoptera, 
and to reorganize the collections of Aphididae. His 
published works have dealt mainly with the system- 
atics of aphids and their role as virus vectors. 

Dr. Harding was educated at Torquay Grammar 
School, University College, Exeter, the University 
of Cincinnati, and King’s College, Cambridge. Prior 
to joining the staff of the British Museum (Natural 
History) in 1937, Dr. Harding worked for a year as 
assistant naturalist in the Ministry of Agriculture 
and Fisheries. Dr. Harding is a carcinologist special- 
izing in the Entomostraca, on which he has published 
many papers in journals of learned societies. 

Mr. Perkins was educated at Newton College and 
the Imperial College of Science and Technology (Royal 
College of Science), London, graduating in 1932 and 
being awarded the Forbes Medal. He entered the 
British Museum (Natural History) in 1933, where he 
has worked on the parasitic Hymenoptera, and in 
particular Ichneumonidae. During the War he was 
seconded to the Ministry of Agriculture, where he 
was associated with some of the early trials of 
D.D.T. against crop pests. His published works 
have been concerned with the general classification 
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of the Ichneumonidae, and revisions of groups of 
this family particularly in relation to the British 
fauna. 


Exh'bition of The Institute of Physics and The 
Physical Society 


Ir one function of science is to enable us to 
rationalize our sense perceptions, we need instru- 
ments and apparatus to help us perceive; the 
coincidence of the pointer and scale is of profound 
importance. As our scientrfic knowledge ramifies 
and increases in complexity, demands upon apparatus 
for precise measurement and maniptlation become 
more exacting. The manner in which this demand 
has been met so far will be clearly demonstrated at 
the annual exhibition to be held by The Institute of 
Physics and The Physical Society at The Royal 
Horticultural Society’s Halls, Westminster, London, 
S.W.1, from January 16 until 1 p.m. on January 20. 
Lectures will be given by: Mr. F. 8. Burt (Admiralty 
Research Laboratory) on “Hydrodynamics Re- 
search”, on January 17; Dr. G. ‘E. R. Deacon 
(National Institute of Oceanography) on “The 
Physics of the Ocean”’, on January 18 ; and Dr. F. P. 
Bowden (Laboratory for the Physics and Chemistry 
of Solids, Cambridge) on “Some Physical Problems 
in Travelling at Supersonic Speed’’, on January 19. 
These lectures will be at 5.45 p.m. The prize-giving 
of the Craftsmanship Competition will take place in 
the lecture theatre on January 19 at 3 p.m. The 
Society has published a Handbook of Scientific 
Instruments and Apparatus (price 68., plus 2s. 
postage), which is a guide to the exhibits. It is also 
a reference book on recent developments in the 
design of physical apparatus; it provides a list of 
manufacturers and of recent scientific books. As a 
means of planning one’s visit to the Exhibition, the 
handbook seems indispensable. Further information 
can be obtained from The Institute of Physics and 
The Physical Society, 47 Belgrave Square, London, 
8.W.1. 


Institute of Information Scientists 


A FULL syllabus for education in information work 
has now been prepared by the Institute of Informa- 
tion Scientists ; it has also been approved by Aslib. 
Courses on “Collecting and Communicating Scientific 
Information” based on this syllabus have been 
arranged at the Northampton College of Advanced 
Technology, St. John Street, London, E.C.1, to start 
on January 24, and will comprise evening classes 
twice a week during two years. The Institute will 
hold (external) examinations, based on the syllabus, 
for the Certificate of the Institute, and will be set in 
two groups, at the end of 1961 and 1962, respectively. 
Details of the course may be obtained from the 
College, and other information from the honorary 
secretary of the Institute, J. Farradane, “Torran”’, 
Crofton Road, Orpington, Kent. 


Forest Research and Training Institute for Latin 

America 

A rocus for forest research and training in Latin 
America has been acquired with the permanent 
establishment—foilowing four years on a temporary 
basis—of the Latin American Forestry Institute for 
Research and Training at the Forestry School of the 
University of Los Andes, Merida, Venezuela. A 
multilateral agreement has been reached between the 
Food and Agriculture Organization, under the aus- 
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pices of which the Institute will operate, the Govern- 
ment of Venezuela, and other interested member 
nations of the Organization. So far, Venezuela, 
Guatemala, Nicaragua, Panama, Peru, Colombia, 
France and the Netherlands have become party to the 
agreement. Several other countries are expected to join 
in the near future. The aims and functions of the 
Institute are fourfold: it will carry out research 
projects, particularly those of broad interest and of 
an applied nature which would contribute to the 
conservation, utilization and development of Latin 
American forest resources ; it will organize forestry 
training courses in line with future demands for both 
Government and private foresters in Latin America ; 
it will gather, classify and disseminate forestry 
information; and it will promote regional co- 
ordination of research by informing member Govern- 
ments of forest research being carried out in Latin 
America. 


Health Science Man-power in the United States 

A suRVEY of the man-power needs in health science 
for the United States is to be carried out by the 
Federation of American Societies for Experimental 
Biology. Objectives of the survey will include : 
(1) an assessment of the present supply and demand 
for scientists in each of about twelve basic health 
fields ; (2) projections of such supply and demand 
for the next 10-20 years ; and (3) recommendations 
as to how the increased demand for these scientists 
may be met. Dr. John T. Cowles, director of educa- 
tional planning for the health professions at the 
University of Pittsburgh, is director of the project. 
Dr. Lowell 8. Levin has joined Dr. Cowles’s staff in 
Pittsburgh to serve as full-time associate director of 
it. Some of the data being sought include : number 
of persons now employed, salary-levels, space require- 
ments, current student enrolments, research ex- 
penditures, training programme income, instructional 
costs and student aid. The over-all project, which 
will require three to five years to complete, will be 
expanded from microbiology to include most, if not 
all, of the health science fields. The experimental 
phase of the project is being supported by an 87,000 
dollar grant from the National Institutes of Health. 
The University of Pittsburgh has been selected to 
carry out the survey because of its available personnel 
and - electronic computer facilities which will be 
required. 


Educational Film Centre, Ltd. 

A NEW organization, the Educational Film Centre, 
Ltd., has recently been founded. Its directors are 
Maurice Goldsmith, formerly science editor at 
Unesco, John Halas and Joy Batchelor, animation 
film producers, and Dr. Roger Manvell, formerly 
director of the British Film Academy. The objects of 
the Centre include promoting the production of 
educational films, and specially of science-teaching 
films, sponsorship of research into the most useful 
forms and techniques for instructional films and their 
best use in the class-room, and publication of pam- 
phlets and film-strips associated with the films pro- 
duced and with the research projects undertaken by 
the Centre. The Centre is in close consultation with 
the Educational Foundation for Visual Aids. The 
initial aim is the production of a planned series of 
science-teaching rilms designed specifically for use in 
secondary modern schools. These films will be made 
in collaboration with representatives from science 
teachers’ associations, who have already undertaken 
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to give advice and help. The Centre is to operate 
from Lysbeth House, 10a Soho Square, London, W.1, 


Wallace and Darwin 


More information about the theory of organic 
evolution put forward jointly by A. R. Wallace and 
Charles Darwin is contained in recent publications. 
In a recent issue of the Proceedings of the Linnean 
Society of London (171, Part 2, 139; 1960), Prof. 
C. F. A. Pantin introduces the essay prepared by 
Wallace in 1855 which served to stimulate Darwin 
to join him, and led to the publication of their famous 
paper of 1858. Mr. Tom Harrisson, curator of the 
Sarawak Museum, in a forthright article in the 
“Proceedings” of the Centenary and Bicentenary 
Congress of Biology held in Singapore during 195s, 
is concerned chiefly with Alfred Russel Wallace and 
a letter he wrote to Charles Darwin from Ternato in 
the Celebes in 1858. The author contrasts the back- 
ground of these two men—Darwin, the son of wealthy 
parents, and Wallace, born of humble parentage. It 
was the Ternate letter, Mr. Harrisson claims, that 
forced Darwin’s hand, for on its receipt “he had to 
speak or forever lose his place in the priorities of the 
new human thought”. 

In the fourth of his articles on Darwin’s Note- 
books on the Transmutatior. of Species, Sir Gavin 
de Beer deals with the Fourth Notebook, concerned 
with the period October 1838—July 10, 1839 (Bulletin 
of the British Musewm (Natural History), Historical 
Series. Vol. 2, No. 5. Pp. 151-183. (London: 
British Museum (Natural History), 1960.) 15s.). 
Darwin’s Fourth Notebook on Transmutation of 
Species was written after he had read Malthus’s 
“Essay on the Principle of Population” on October 
3, 1838. Considering the importance of the influence 
which Malthus’s book was thought (even by Darwin 
himself im later life) to have exerted on Darwin's 
work and ideas, it is significant that he devoted 
so little space to Malthus in his Notebook which 
he wrote immediately after reading his essay. 
The reeson is that Darwin had already and inde- 
pendently thought out the principle of selection of 
favourable variations and seen the possibility that 
the transmutation of species might be explained by 
its means. What Malthus gave Darwin was evidence 
of the rigorousness of selection and of the inevitability 
of widespread mortality. To this concept Darwin 
introduced the notion of extinction as the extreme 
case of depopulation and the notion of variation ; and 
he showed that he was well aware that this would 
lead to results very different from those which Malthus 
thought he had achieved. 


Darwin’s Original Papers 


In 1942 the Pilgrim Trust and the Darwin family 
presented to the University Library, Cambridge, and 
to Down House, the original papers of Charles 
Darwin. Those intended for Cambridge arrived at 
the Library after the War and have been bound in 
volumes representing as closely as possible the papers 
in the order in which Darwin left them. A detailed 
hand-list of the papers was made in 1955 by Miss 
R. V. C. Bailey and Miss J. 8. Gosse for the use of 
scholars working on the papers in the University 
Library. This hand-list has now been published in 
view of its general interest, together with a subject 
index and an index of correspondents compiled by 
Miss G. M. B. Tyrer (Pp. 72. Cambridge: At the 
University Press, 1960. 10s.). 
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Preservation of Wild Animals in Asia 


Mvucu has been written in recent years on the threat 
of extermination hanging over much of the fauna of 
Africa and on possible methods of averting it. Less 
has been heard about the equally pressing danger to 
the fauna of other parts of the world. The timely 
appearance of a report on some animals of the Middle 
East and southern Asia which are threatened with 
extermination entitled “A Look at Threatened 
Species”, by L. M. Talbot (Oryx, the Journal of the 
Fauna Preservation Society, 5, Nos. 4 and 5, 157; 
May 1960), is therefore particularly welcome. The 
report is based on information collected during an 
extensive journey of reconnaissance in 1955 extend- 
ing from Libya to Formosa. The investigation was 
concerned principally with the past and present 
status of the three species of Asiatic rhinoceros, the 
Indian lion, the Arabian oryx, and the Syrian wild 
ass; but the report also deals with many other 
species. It is a most interesting and well-written 
document that considers in some detail such matters 
as wild-life habitats and land-use, and gives an 
account of such reserves and parks as there are in 
the territories visited. One of the largest problems 
facing conservation is the lack of trained personnel. 
In most former ‘Cclonial’ territories conservation and 
management were carried out by men from the 
colonizing country. When they departed, the country 
was left with very few people with any training at all 
in conservation matters. Nevertheless, although 
in many places there has been, and still is, much 
wanton destruction, a real effort is being made in 
others at conserving what is left. This report will 
strengthen the hand of the International Union for 
the Conservation of Nature in its efforts to help those 
concerned in preventing the final extermination of a 
number of interesting species of animals. 


Geomorphologica! Abstracts 


As a guide to the very scattered literature of 
interest to geomorphologists, a small journal of 
abstracts, in an attractive format, has recently been 
produced by a group of British geographers. In the 
first two numbers, for June and September 1960, 
abstracts are given of 136 recent papers, mainly 
works in English-language periodicals (No. 1; June 
1960. Pp. 23. Published four times a year in March, 
June, September and December). At present some 
120 journals are covered, and it is hoped to increase 
this number as circumstances permit. Geomorpho- 
logical Abstracts will be published quarterly, and can 
be obtained from K. M. Clayton, Department of 
Geography, London School of Economics, Houghton 
Street, London, W.C.2, price 16s. per annum, post 
paid. 

Canadian Museum Publications 


THE National Museum of Canada has added to its 
guide-books two publications which should be 
well received by visitors to the Museum. The first, 
“Canadian Atlantic Sea Shells’, by E. L. Bousfield, is 
an illustrated account in English of shell-bearing 
invertebrate animals commonly encountered on the 
beaches or in shallow waters of the Canadian Atlantic 
coast from the Strait of Belle Isle and the St. Law- 
rence estuary on the north to the ocean coasts of 
Newfoundland and Nova Scotia and the Bay of 
Fundy in the south. Altogether, 150 sea shells are 
described (Pp. v-+72, 13 plates. Ottawa: Queen’s 
Printer, 1960. 1 dollar). The second, “Les Mammi- 
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féres du Canada’, by Austin W. Cameron, contains 
descriptions in French of the mammals of Canada, 
each description being accompanied by a line drawing 
prepared by John Crosby (Pp. 89. Ottawa: Queen’s 
Printer, 1960. 50 cents). 


Scientific Instrument Manufacturers’ Association 


THE Scientific Instrument Manufacturers’ Associa- 
tion has published a booklet, “Careers in the Scientific 
Instrument Industry”, providing a well-illustrated 
summary of what a new entrant into the industry 
can expect to find and what his work and training 
may be like (Pp. 20. London: Seientific Instrument 
Manufacturers’ Association of Great Britain, 1960). 
The launching of the booklet has been encouraged 
by the rapidly increasing number of apprenticeship 
certificates issued by the Association’s members under 
their endorsement scheme in recent years. In 1958, 
52 certificates were endorsed, 64 in 1959, and 82 in 
the first nine months of 1960, or at a rate double that 
of 1958. The endorsement ensures that certain 
standards of training with the appropriate equipment 
are the foundation of the apprentice’s certificate, and 
provide him with the start to a career in the scientific 
instrument manufacturing industry. The booklet 
can be obtained from the Scientific Instrument 
Manufacturers’ Association, 20 Queen Anne Street, 
London, W.1. 


Information on Atomic Energy in Britain 


Unnk_Er the title “A Guide to Information on Atomic 
Energy in Britain”, the Central Office of Information 
has issued an illustrated select list of British books, 
periodicals, reports, films, photographs and display 
materials, describing the latest nuclear developments 
in the United Kingdom, which was originally com- 
piled for specialized and prestige distribution over- 
seas (Pp. 64. London: H.M. Stationery Office, 1960. 
5s. net). The list was prepared with the co-operation 
of the United Kingdom Atomic Energy Authority. 
The material is arranged under visual aids ; general 
publications ; serial publications; the power pro- 
gramme and nuclear engineering; radioisotopes ; 
nuclear physics; and radiation hazards and pro- 
tection. Books for the specialist and for the general 
reader are distinguished. There are also further lists 
of the Atomic Energy Authority’s unclassified pub- 
lications (including a list of depository libraries in 
the United Kingdom), and of publications covering 
legislation in the United Kingdom and co-operation 
with other countries. 


Restoration of a Silk Flag 


THE Museums Journal of November, in an 
article by Mr. Harry Wandrus, describes an econom- 
ical method for the treatment of deteriorating silk 
flags. The flags were the property of the State of 
Ohio and most of them were of ‘weighted’ silk, that 
is, they contained chlorides or sulphates of mag- 
nesium, tin, iron or aluminium. Unfortunately, these 
chemicals have the effect of causing an early deterior- 
ation of the silk, which then crumbles and powders. 
The essence of the process is to soften the old flag 
with water and carefully assemble the parts in their 
correct positions on a flat table ready for a white silk 
chiffon backing. This backing should be neatly 
arranged over the flag and fastened with a 5 per cent 
solution of polyvinyl alcohol. The flag will then hang 
well in a vertical position. Full details of the process 
are given. 


nd =a 
‘les 
at 
in 
ers 
led 
iss 
of 
ity 
ae 
by 
he 


1156 


Atomic Weight of Silver 


SILVER is an important secondary standard of 
atomic weights, the values of these for many elements 
having been determined with reference to silver. The 
natural element contains two isotopes, 107 and 109, 
and the average atomic weight has been accepted as 
107 -880, on the chemical scale. A mass-spectrometer 
investigation by W. R. Shields, D. N. Craig and 
V. H. Diebeler, of the Bureau of Standards, Wash- 
ington, is reported in the October issue of the 
Journal of the American Chemical Society (p. 5033). 
It was found that no variation in abundance ratio 
occurred in six specimens of natural silver, but a 
seventh, from Cobalt, Ontario, showed a significant 
deviation. The values of the atomic weight found 
were, on the physical scale (**O = 16) 107-9028 + 
0-0013, on the chemical scale (O = 16) 107-8731 + 
0-0020, and on the proposed unified scale (#%C = 12) 
107-8685 + 0-0013. It is seen that the chemical 
value differs appreciably from 107-880. 


Binocular Depth Perception 


OnE of the difficulties in studying depth perception 
is to isolate the different factors that contribute to 
the three-dimensional effect, and in particular to 
separate the binocular from the monocular cues. A 
highly original method of achieving this separation 
has been developed at the Bell Telephone Laboratories 
by B. Julesz, and, under the heading “Binocular 
Depth Perception of Computer-Generated Patterns”, 
the subject is discussed in a recent issue of The Bell 
System Technical Journal (39, 1125; 1960). In this 
method the two pictures to be viewed in a stereoscope 
consist of a random arrangement of black, white and 
grey dots. These two micropatterns are similar in 
dot distribution except for a central area where, for 
example, a square-shaped region is given a uniform 
horizontal displacement. Each pattern by itself 
has a completely random appearance, but when 
viewed in a stereoscope, the parallax produced by the 
lateral displacement causes the central square region 
to appear either in front of or behind the surround, 
depending on the direction of displacement. Several 
interesting features emerge from this method of 
presentation in which monocular cues are eliminated. 
For example, several seconds or even minutes may 
elapse before the depth effect is perceived, presumably 
while the eye and brain are searching the pattern and 
assimilating the information being presented to the 
subject. When the viewing is repeated, the percep- 
tion-time may be shortened as the process of learning 
facilitates recognition of the pattern. The effect of 
varying the contrast of the pattern, its sharpness, 
different perturbations of the pattern and the intro- 
duction of a monocularly recognizable pattern have 
all been studied to see how far the depth effect is 
enhanced, although just what is meant by depth 
enhancement is not immediately obvious. 


The Night Sky in January 


FULL moon occurs on Jan. Id. 23h. 06m. v.T., new 
moon on Jan. 16d. 21h. 30m. and full moon on Jan. 
3ld. 18h. 47m. The following conjunctions with the 
Moon take place: Jan. Id. 17h., Mars 8° N.; Jan. 
20d. 05h., Venus 0-6° N.; Jan. 26d. 13h., Aldebaran 
0-3° S.; Jan. 28d. 07h., Mars 8° N. Mercury will be 
visible as an evening star near the end of the month, 
setting about one and a half hours after the Sun. 
Venus is an evening star, and is favourably placed 
for observation. Venus sets at 20h. 00m., 20h. 35m. 
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and 21h. 15m. on January 1, 15 and 31, respectively, 
about four hours after the Sun. During the month 
its distance from the Earth decreases from 83 to 63 
million miles, the visible portion of the apparent disk 
from 0-639 to 0-499, and its stellar magnitude from 
—3-7 to —4-1. Mars is above the horizon all night 
on January 1, and sets at 7h. 10m. and 6h. 5m. on 
January 15 and 31, respectively. Mars is very con. 
veniently situated for observation. It is at a distance 
of 61 million miles from the Earth on January 15, 
and its stellar magnitude is —1-0. Jupiter and 
Saturn are too close to the Sun for observation. 
Occultations of stars brighter than magnitude 6 are 
as follows, observations being made at Greenwich: 
Jan. 7d. 5h. 09-8m., 59 Leo. (R); Jan. 24d. 19h. 
57-2m., +11° 445 (D) ; Jan. 26d. 23h. 59-6m., 318 B. 
Tau. (D). D and R refer to disappearance and 
reappearance, respectively. The Quadrantid meteors 
are active on January 3, but conditions are unfavour- 
able for observation. The Earth is at perihelion on 
January 2, its distance from the Sun being 91-4 
million miles. 
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Announcements 


Dr. DetTLEV Bronk, president of the Rockefeller 
Institute, has been elected an honorary member of 
the Brazilian Academy of Science and has bee 
awarded an honorary doctorate of the University 
Brazil. 


Dr. AmyAND Davip BuckrncHAM has _ been 
awarded the Harrison Memorial Prize for 1959 in 
consideration of his work on solvent effects on 
molecular spectra and the theory of pressure-induced 
spectra. Dr. Buckingham is at present in the 
Department of Inorganic Chemistry, University of 
Oxford. 


Dr. H. Harotp Hume, of Gainsville, Florida, has 
been awarded a gold Veitch Memorial Medal by the 
Council of the Royal Horticultural Society for his 
work on horticulture and in particular for his work 
in connexion with camellias. 


THE Systematics Association are arranging a 
meeting on “Multivariate Methods in Taxonomy” to 
be held in the Department of Botany, the University 
of Southampton, during April 24-25, 1961. Further 
information can be obtained from Dr. J. M. Lambert, 
Department of Botany, University of Southampton. 


“Rapio Techniques and Space Research” will be 
the theme of next year’s British Institution of Radio 
Engineers’ Convention which will take place during 
July 5-9, 1961, at the University of Oxford. The 
Convention will contain at least six sessions, pro- 
visionally entitled: “Review of the Role of Radio 
Techniques in Space Research”; “Satellite Engin- 
eering Problems” ; ““Extra-terrestrial Measurements” ; 
“Telemetry”; “Techniques in Radio Astronomy” ; 
“Satellites in Terrestrial Communications”. The 
Convention Committee has invited offers for papers, 
and these should be addressed to the British In- 
stitution of Radio Engineers, 9 Bedford Square, 
London, W.C.1. 


THE Chemical Society, Burlington House, London, 
W.1, has published ‘Periodicals in the Chemical 
Society Library”, giving the complete periodical 
holdings in the Library (Pp. 48. London: The 
Chemical Society, 1960. 5s. post paid). This will be 
useful not only to members of the Society but also 
to librarians and users of chemical literature generally. 
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ORGANIZATION OF SCIENTIFIC 


REGIONAL meeting to discuss the organization 
A of scientific research in Latin America was held 
during October 3-7 in the Central University of 
Venezuela, Caracas. The meeting was arranged by 
the Unesco Science Co-operation Office for Latin 
America, under the patronage of the Ministry of 
Education and the University of Venezuela. Heads 
of national research councils, rectors of universities, 
deans of science faculties and senior scientists from 
Argentina, Bolivia, Brazil, Chile, Colombia, Cuba, 
Ecuador, Mexico, Peru, Uruguay and Venezuela 
had been invited to attend, and the World Health 
Organization and the National Academy of Sciences 
of the United States sent observers. The meeting 
was held at the Central University. 

The president of the Republic, Sr. Rémulo Betan- 
court, spoke briefly at the opening ceremony, welcom- 
ing the delegates with the assurance that they would 
find in the Venezuela of to-day complete freedom 
for the development of scientific research. Among 
other speakers were Dr. Establier, head of the 
Unesco Science Co-operation Office for Latin America ; 
Dr. Rafael Pizani, Minister for Education, and Dr. 
Francisco De Venanzi, rector of the Central 
University. 

The meeting elected Dr. Venanzi as its chairman. 
The working sessions were opened by a review of the 
general tendencies of scientific research in Latin 
America by Prof. Bernardo Houssay, president of the 
Council for Scientific and Technical Research of 
Argentina. This paper provoked a valuable discussion 
which formed a background for the other papers 
presented at the meeting. \, 

The paper by Dr. David Stitchkin, rector of the 
University of Concepcién, Chile, on funds available 
for scientific research, with special reference to 
equipment, was the one which caused least discussion, 
since the meeting was unanimous in concluding that 
the amounts at present available were notably in- 
sufficient. It was recommended that Governments 
should accept as a target the allocation of 2 per cent 
of the national budget for scientific research. 

During the discussion of the paper by Dr. Mario 
Gonzalez (Cuba) on the basic and applied sciences, it 
became clear that the meeting did not wish to 
emphasize the distinction between the two, and 
preferred to think of science as a whole, recommend- 
ing that firms in industry and agriculture should 
strengthen their links with research and teaching 
institutions in view of the profound effect which 
science has on modern commercial life. 

Prof. Houssay introduced the question of national 
research councils, which exist in only a very few 
Latin-American countries, including the Argentine, 
Brazil and Mexico. The other Governments of the 
region were recommended to give serious thought to 
the advantages of establishing research councils, and 
Unesco was asked to provide information to Govern- 
ments about the functions and possible types of 
organization of research councils. 

Dr. Marcel Roche, director of the Venezuelan 
Institute of Scientifie Research, presented a paper on 
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the career of the research worker. He analysed and 
compared the careers offered by the research councils 
of Argentina, France and Venezuela. It was thought 
that the arrangements adopted by the Argentine and 
Venezuelan Councils, whereby their staffs were able 
simultaneously to accept teaching posts, was valuable 
in the Latin-American scene, since it made maximum 
use of the small scientific man-power available, and 
kept the research worker in touch with universities 
and youth. This subject was very closely related 
to the next one discussed, the shortage of 
teaching and research personnel in Latin America, 
which was introduced by Dr. Rodolfo Talice, dean 
of the Faculty of Science in the University of 
Montevideo. 

One of the topics of greatest interest at the meeting 
was the paper by Dr. Paulo Sawaya, dean of the 
Faculty of Philosophy of the University of Sao 
Paulo, on the results of the adoption in certain 
universities and institutions of the full-time system. 
Most universities and research organizations permit 
their staffs to hold one or more posts outside the 
organization, and the virtues and vices of this 
system form one of the most hotly debated subjects 
in scientific circles in Latin America. The meeting 
recommended that Governments and _ universities 
should establish the full-time system as the ideal in 
research and higher teaching posts, and that they 
should provide salaries and working conditions 
adequate for this purpose. 

Unesco has encouraged and assisted the formation 
of regional research centres, such as that for mathe- 
matics in Buenos Aives, and of groupings of research 
centres, such as the Latin-American Council for 
Cosmic Radiation. Dr. Ismael Escobar, head of the 
Cosmic Ray Physics Laboratory at Chacaltaya, 
Bolivia, introduced this topic, the discussion of which 
led the meeting to call on Unesco to continue its 
efforts in this field, so that teams of research 
workers might be brought together, animated by 
the desire to achieve Latin-American unity in 
research. 

Dr. De Venanzi analysed the attitudes of Govern- 
ments and of public opinion towards scientific 
research problems in Latin America. Though much 
improvement has occurred in the past few years, a 
great deal remains to be done. The meeting felt that 
the Press, radio and television had a paramount part 
to play, and hoped that ways could be found to 
establish training in scientific journalism. In this 
connexion, delegates were happy to note the complete 
and accurate coverage of the meeting in the Caracas 
Press. 

In Latin America, fellowships tenable in more 
scientifically developed areas will, for some time to 
come, provide the principal source of higher training 
for research workers in many fields. Dr. E. Beltran, 
Under-Secretary for Forestry and Game Resources in 
Mexico, discussed the subject in all its aspects. An 
increase in the number of fellowships granted by 
governments and other agencies was recommended, 
as well as greater emphasis on instruction in foreign 
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languages, since language deficiencies frequently 
prevented full benefit from fellowships. The paper 
by Dr. M. A. Garrido Malo, dean of the Science 
Faculty in San Marcos University, Lima, was on a 
closely allied subject—exchange of scientists between 
Latin-American countries. Unesco was asked to 
publish its Boletin with greater frequency, so that 
news of courses, special facilities, visits of foreign 
scientists, etc., might be more rapidly disseminated, 
and all laboratories were exhorted to use to the utmost 
the facilities offered. 

The subject of scientific documentation in Latin 
America was introduced by Dr. Manuel Sadosky, 
vice-dean of the Science Faculty in the University of 
Buenos Aires. A lengthy discussion led to a@ series 
of recommendations: that Unesco should make a 
survey of scientific journals in Latin America, with 
the object of formulating a plan for rationalizing 
them; that the Mexican Scientific Documentation 
Centre should make its services more easily available 
to scientists in other countries ; that more national 
scientific documentation centres should be estab- 
lished, that Governments should grant free postal 
services to scientific journals; and that financial 
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help might be given to a select number of 
journals. 

The final subject on the agenda was a review of 
Unesco’s science programmes, particularly thatT of 
the Latin American Science Co-operation Office jn 
Montevideo. Dr. Establier described proposals 
to be debated at the general conference of the 
Organization held in Paris in November, and also 
outlined a series of long-term projects which might 
be undertaken by the Montevideo office. Among 
these was one for an International Andean Year, 
during which teams of specialists in different fields 
would attack the problems of this vast mountain 
chain which so profoundly affects living conditions 
in those countries through whose territories it runs. 
Another proposal was for a full-scale operation 
towards rationalizing scientific journals. A third 
would deal with the problems of the unproductive 
areas of the seas, lakes and rivers of the continent. 
At the end of this discussion Dr. Establier received 
the warm congratulations of the meeting, both for 
the way he has directed Unesco’s science activities in 
Latin America, and for the organization of the 
meeting. B. A. Hovussay 
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INTERNATIONAL OPERATIONAL RESEARCH 


ROM its War-time start in Britain, operational 

research has become an international movement. 
The first conference on this basis was held three years 
ago at Oxford. It led to the establishment of the 
International Federation of Operational Research 
Societies, of which the chief architect was Sir 
Charles Goodeve, who was elected its first general 
secretary. Under his guidance the Federation 
continues to expand. Great Britain has acted as the 
Federation’s first ‘foster’ society, an office which 
shortly passes to America ; and France was designated 
‘host’ society for the second of the triennial confer- 
ences, called at Aix-en-Provence during September 
5-9. The Société Francaise de Recherche Opérationn- 
elle has discharged its duties with grace and efficiency, 
at a conference presided over by its own president, 
Prof..G. T. Guilbaud. 

The Second International Conference on Opera- 
tional Research had the object of surveying the 
whole scene, and its organizers limited the attendance 
to 350 delegates. Representation at the national 
level was strictly allocated according to the sizes 
of national societies, who themselves had the invidi- 
ous task of selecting their delegations from long lists 
of applicants. The programme was determined in 
outline by a committee which appointed leading 
workers in this field as sponsors of more than twenty 
sessions ; each sponsor was responsible for designing 
and presenting his own session, for inviting some 
papers, for selecting others from among those sub- 
mitted freely, and for taking the chair at his session at 
Aix-en-Provence. These arrangements led to a more 
tightly controlled conference than is customary at 
this level, and were intended to produce a coherent 
pattern, high-quality material, and authoritative 
discussion. 

Delegates arrived from no less than twenty-three 
countries; and although two-thirds of them were 
drawn from America, Britain and France, there was 


plenty of evidence that significant o tional 
research efforts have been mounted in at 
more countries. The extent of the applications of 
operational research to-day might have surprised 
those who first embarked on the attempt to apply the 
methods of science to the strategic problems of war. 
But there are strategic problems in all managerial 
situations, and eighty papers presented at Aix-en- 
Provence attest to the fact that operational research 
a by now penetrated into the intricacies of most of 
them. 

The conference opened with a plenary session 
dealing with the methodological aspects of operational 
research. Whispers were heard complaining that once 
again the subject had succumbed to mere introspec- 
tion, to a self-conscious preoccupation with its own 
anatomy. Most scientists in the field of operational 
research would agree, however, that a subject devoted 
to scientific investigation of the methods of manage- 
ment has something to gain from the examination of 
its own. Thus it proved. The session brought out 
clearly the fact that the goals of an organization are 
various and not necessarily consistent, that they are 
constantly changing, and that they reflect a process 
of learning to survive by adaptation. It follows that 
crude statements of aim, such as ‘maximum profit’, 
which have often been naively emulated by equally 
crude scientific models, are inadequate. There are 
always ways of estimating and comparing organiza- 
tional efficiency, but they require experimentation 
on possible models and not merely experimentation 
within some plausible model. The sensitivity of a 
top-level decision to explicit assumptions about likely 
circumstances is itself an object of study; but its 
sensitivity to implicit assumptions about goals is still 
more important. For this reason the model of an 
adaptive organism adjusting itself to its environment 
is valuable, and much was said about attempts to 
use scientific descriptions of biological learning and 
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goal-seeking processes as models of business be- 
haviour. 

The first group of parallel sessions then set out to 
diseuss two general problems and five areas of applica- 
tion. Six papers were presented dealing with new 
mathematical methods: they concerned especially 
the use of the theory of graphs in studying supply 
networks, and various treatments of the problems of 
sequential decision. Another group of papers dealt 
briefly with the question of controlling production, 
but without much originality. The areas of applica- 
tio were: transport, oil, power, steel and local 
government. Examples of transport operations by 
road, rail and air were given in which operational 
research had solved the strategic problems of schedul- 
ing fleets, and of choosing between alternative policies, 
for example, in overhaul, cargo carried and design. 
The oil industry put forward studies of the flow of 
traffic and the problems of stock-holding, and of the 
selection of investments. There were three papers in 
the session on power dealing with the operation of 
nuclear reactors, and studies were also presented of 
the central planning of an atomic energy industry 
and of an electricity distribution system. From the 
steel industry there were discussions of the control 
of spare parts and of the unloading of ore, and a study 
of track times. The local government session was 
devoted to city and land-use planning, and included a 
consideration of a city as a teleological mechanism 
generating its objectives intrinsically. 

The formal sessions were broken up by a series of 
discussion groups. These were often extremely 
spirited conversations. They dealt, for example, 
with the organization of operational research, with 
its future needs, and with education—the latter 
subject leading to a considerable clash about the role 
of the universities and possible syllabuses. One 
group discussed economic decisions that could 
involve loss of life, and two more the allied techniques 
of operational gaming and of simulation. There was a 
meeting on operational research for under-developed 
countries. But perhaps the most remarkable session 
of all dealt with operational research at the top- 
decision-making level in industry. This involved some 
of the most forceful interchanges of the whole con- 
ference, and continued all day—althouga it was 
billed to last for the morning only. The discussion 
was too frank, too fast, and too heated ever to 
reach the printed proceedings: an added reason 
for the agreement of the main protagonists that 
this day alone had been worth the journey to 
France. 

At this point, the second plenary session was held, 
to consider the relationship between operational 
research and computers. It was held that the exist- 
ence of these machines, considered properly as logical 
engines rather than as calculators, had enabled 
operational research to forge new tools. Those 
discussed were a computer language for the auto- 
matie programming of simulations, which had quart- 
ered the time required to prepare an intricate pro- 
gramme, and a computer analysis of the field of 
heuristic decision processes. Secondly, however, 
computer applications themselves received benefit 
from operational research assistance. In this area, 
a mathematical model was presented for the optimal 
storage and retrieval of information, and an opera- 
tional research survey was made of the factors in- 
volved in the introduction of on-line computers for 
controlling production. 
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The second series of parallel sessions included two 
general problem areas, those of inventory control 
theory and mathematical programming, and descrip- 
tions of operational research in three applied fields ; 
mining, war and national government. Inventory 
theory is by now an extensively explored topic, but 
seven more contributions were made dealing with 
particular aspects of the problem. There were nine 
contributions also to the subject which began as 
linear programming, but which has long since been 
extended to such cases as the linear programme under 
uncertainty, various non-linear models, and quadratic 
programming—all discussed here. In the mining 
session, a general account of operational research at 
the National Coal Board in Britain was presented, as 
well as papers on the determination of optimal mining 
limits and the study of pit haulage. The presentation 
of military applications was necessarily restricted, but 
the relevance of the theory of games was discussed, 
as well as problems of communications and stock- 
holding policy. The growing effort in operational 
research at the national level was well expressed in 
various papers dealing with the whole economic 
system of a country, with national planning in 
India, with the co-ordination of investment in trans- 
port, and with social decision-meking. 

The third and last plenary session was concerned 
with human factors. Hospitals were considered as 
viable organisms, according to an adaptive model 
reminiscent of the methodological talk at the begin- 
ning of the week, and there were other papers on the 
human element in decision systems. A doleful note 
was sounded at the end of a strenuous conference by 
the report of some interesting research into the accept- 
ance of solutions. Teams involved in business gaming 
were presented with the mathematically optimal 
strategy for their game after they had become impli- 
cated in the play; but in no case could any means 
be found by which they could be persuaded to use it. 

The conference was closed with an address by Sir 
Charles Goodeve, who characteristically eschewed 
the usual valedictory platitudes. Instead, he issued 
a considerable challenge to the movement to play a 
bigger part in the social field, by bringing operational 
research to bear on the problem of evaluating alterna- 
tive policies by developing a measure for human 
happiness. His address is reported in extenso else- 
where!, and it will be interesting to see what fruit 
it has borne when the Third International Conference 
on Operational Research meets in Oslo in 1963, when 
the Norwegian society is expected to be host. 

The proceedings reported here were set in the 
familiar context of receptions, tours, committee 
meetings, and arbitrarily arranged discussion groups 
—some of which lasted until dawn. Enthusiasm was a 
keynote of the assembly, as befits a young endeavour, 
and it was quite evident that much important 
operational research is being done that does not reach 
print. The first reason for this is an occupational 
hazard of the work: the advisors of management 
cannot readily air the secrets of institutional policy 
in public. But the second reason seems to be the 
convention that reports of operational research 
ought to include wads of respectable mathematics, 
whereas in real life the mathematics involved in 
operational research are often trivial. 

Much was said at Aix-en-Provence publicly to 
acknowledge this fact, and to emphasize again the 
approaches for which operational research has always 
stood: scientific method, with its insistence on 
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measurement, experimentation and logical inquiry ; 
interdisciplinary collaboration ; above all, the seeking 
of usable insights rather than the production of 
abstract and possibly sterile formule. This reaffirma- 
tion should do something to increase the supply of 
good literature on operational research. It will 


NATURE 


December 31, 1960 


certainly encourage those whose intentions are con. 
centrated whole-heartedly on the essentially practical 
task of helping policy-makers reduce the influence 
of chance on the outcomes of their decisions. 
STAFFORD BEER 
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*See Nature, 188, 180 (1960). 


BIOLOGICAL STRUCTURE AND FUNCTION 


N 1956, the International Union of Biological 

Sciences decided to set up a Biochemistry Section 
Committee which would be a co-ordinating com- 
mittee betw 2n itself and the International Union of 
Biochemistiy. One of the main functions of this 
Committee is to make recommendations to both 
Unions for international symposia, embracing sub- 
jects in which both biochemistry and the biological 
sciences are combining to produce a rapidly expanding 
sphere of knowledge; on this basis the subject 
“Biological Structure and Function” was chosen for 
the first joint symposium which was held at the 
Wenner-Grens Institute, Stockholm, during Septem- 
ber 12-17. About 150 scientists attended the 
symposium, at which 72 members from 11 different 
countries presented invited papers to the seven 
sections of the symposium. 

The first section was on macromolecular structure 
and function (chairman, “4. Tiselius). Dr. J. C. 
Kendrew (Cambridge) described with great clarity 
the work which he has carried out on the elucidation 
of the structure of myoglobin, and Dr. P. A. Albertsson 
(Uppsala) discussed a new technique for separating 
macromolecules by partitioning them in aqueous 
two-phase systems containing polymers such as 
dextran and polyethylene glycol. This method has 
great possibilities in, for example, purifying viruses 
and separating different sized fragments of disinte- 
grated mitochondria and chloroplasts. The second 
day, devoted to the subject of microsomes and 
protein synthesis, was momorable for a masterly 
discussion of the endoplasmic reticulum by the chair- 
man, Dr. K. R. Porter (New York), which culminated 
in a series of electron micrographs which clearly demon- 
strated the existence of this structure in plant cells. 
In the more biochemical section the emphasis was 
on the role of ribonucleoprotein particles in protein 
synthesis. 

Mitochondrial structure and function were dis- 
cussed on the third day (chairman, O. Lindberg). 
At the moment, two subjects appear to polarize the 
interest of the various investigators studying the 
relationship between mitochondrial structure and 
function. One is the phenomenon of mitochondrial 
swelling. It seems, however, that different lines of 
approach are being followed by various laboratories. 
On one hand, swelling and shrinking are related to 
the transition of mitochondria from one to another 
well-defined functional state, for example, from a 
state of full respiration where the mitochondria are 
found to shrink, to a state in which the respiration is 
limited by the absence of phosphate acceptor and 
where the mitochondria ere inclined to swell. On 
the other hand, mitochondrial swelling is considered 
to be the result of a more complete change of the 

normal structure with a loss of most of the mito- 
chondrial functions ; the inhibition of the swelling by 


different agents or the reverse of swelling by way of a 
‘contraction’ of the swollen mitochondria are followed 
as means to define the physiological implications of the 
phenomenon. The other topic, to which numerous 
papers were devoted, was the mechanism of electron 
transport and phosphorylation in the diphosphopyridine 
nucleotide—flavin region of the respiratory chain. The 
interest in this point was raised both because of the 
finding that in the presence of flavo-substrates a 
reversal of electron transfer could take place by way 
of reactions requiring high-energy phosphate, and 
because of the suggestion that this phenomenon could 
be related to an adenosine triphosphate activation of 
succinate oxidation, which on the other hand is not 
inhibited by uncoupling agents. It seems that work 
on these two reactions may provide a good deal of 
information on the question of the synthesis and 
utilization of the high-energy compounds during 
the operation, both in the forward and backward 
— of the terminal part of the respiratory 
chain. 

In the morning session on chloroplast and chroma- 
tophore structure and function (chairman, T. W. 
Goodwin), electron micrographs of chromatophores 
isolated from both purple and green photosynthetic 
bacteria were shown by Drs. A. W. Frenkel (Minnea- 
polis) and J. A. Bergeron (Upton, N.Y.), and Dr. 
M. D. Kamen (Waltham) speculated ingeniously on 
the primary act of photosynthesis. Later in the day 
Dr. D. I. Arnon (Berkeley) described his latest investi- 
gations on photosynthesis in cell-free systems of 
Chromatium and Dr. Birgit Vennesland (Chicago) 
gave her views on photophosphoryilation with 
particular reference to the possible role of a 
‘nascent formate’ intermediate, recently postulated 
by Warburg. The developmental physiologists 
discussed intact cellular structure and function on 
the morning of the fifth day, under the chairman- 
ship of Prof. J. Runnstrém. The topics dis- 
cussed ranged from ‘mitosis’, when Dr. D. Mazia 
described it in terms of a multitude of individual 
reactions co-ordinated into a fixed time pattern, to 
electron microscopy studies on ciliary and flagellar 
movements (B. Afzelius). 

In the afternoon an important session on poly- 
saccharides (chairman, G. Blix) included lectures by 
Dr. S. Hestrin (Jerusalem) on “The Growth of 
Saccharide Macromolecules”’ and by Dr. A. Dorfman 
(Chicago) on ‘The Acid Mucopolysaccharides of 
Connective Tissues’, and concluded with anothe 
important paper on technique from Prof. Tiselius’s 
laboratory, when Dr. P. Flodin described the 
gel-filtration method for separation of oligosac- 
charides. 

The final session on specific membrane transport 
and its adaptation (chairman, B. D. Davis) produced 
further lively discussion, and the closing half-hour 
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was a salutary reminder that, in spite of the mass of 
information im during the week, our know- 
ledge of the relationship between structure and 
function is still fragmentary—apparently two cur- 
rently irreconcilable views are held on the mechanism 
of amceboid movement. 

The arrangements made by Prof. O. Lindberg and 
his colleagues in the Wenner-Grens Institute for this 
symposium were superb, and, thanks to their hard 
work and genius for organization, everything moved 
smoothly. Furthermore, the Wenner-Gren Founda- 
tion generously supported the symposium financially, 
and without its aid its existence would have been 
highly problematical. As could well be imagined, 
remembering the nationality of our hosts, the social 
side of the symposium was not neglected and highlights 
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included a banquet in Skansen and a visit to a per- 
formance of Pergolesi’s ‘“The Music Master” at the 
famous seventeenth-century Drottlingholm Theatre. 
A specially delightful feature was that all foreign 
delegates spent at least one evening in a Swedish 
home. 

The International Union of Biochemistry and the 
International Union of Biological Sciences are truly 
grateful to their Swedish hosts for arranging the first 
joint symposium, and hope that this Stockholm 
symposium will be the forerunner of similar inter- 
national symposia based on fruitful co-operation 
between biochemists and biologists from all nations. 
It is hoped to publish the proceedings of the sym- 
posium in book form in the near future. 

T. W. GoopwIn 


POWDERS IN INDUSTRY 


1R ALEXANDER FLECK, the president of the 
Society of Chemical Industry, in opening the 
first symposium of the Surface Activity Group of the 
Society of Chemical Industry held during September 
29-30, commented on the many imperfectly under- 
stood problems of physics and physical chemistry 
relating to industrial applications of powders, and 
referred to the largely empirical nature of ‘many old- 
established manufacturing processes involving pow- 
ders. “In recent years, however’’, he said, “‘applica- 
tion of the growing body of knowledge on the surface 
properties of powders has led to striking improve- 
ments in both processes and products and will 
undoubtedly lead to further developments, including 
the foundation of new industries”’. 

In the words of Dr. M. G. Fleming, chairman of 
the organizing committee, the subject of powders was 
chosen for the symposium because so many indus- 
tries make or use powders either as raw materials, 
intermediates or final products, many manufacturers 
being unaware of developments in otherwise unrelated 
industries which could assist them. The programme, 
he said, was planned to “sketch in the background 
and define the fundamental terms ; next examine the 
particular requirements and problems of a diverse 
group of industries, and, finally, correlate these 
specialized applications, underlining their contiguity 
and exposing the shortcomings in our basic knowledge 
of the subject’’. 

A laudable aim, but the event left the impression 
of unevenness and there were marked swings in the 
discussion from academic argument concerning, for 
example, the meaning of surface tension, to some 
severely practical details of powder processing. This 
was perhaps the inevitable result of covering so wide 
a field, theoretical and practical, in a relatively short 
time, but there was great value in bringing together 
so much material, the sequential grouping of which 
proved admirable. 

Thirty-one authors contributed in the four sections, 
which covered “Principles of Production”, ‘Pro- 
perties of Powders”, “‘Properties of Powders utilized 
in Industrial Fields”, and “Principles of Application 
and Problems for the Future”. There were seven 
sessions, each with its own chairman and an intro- 
ducer, who presented the papers as a group on behalf 
of the authors. 


The papers of the first two sections concerned 
powder production by milling and by controlled 
precipitation, and’ the recovery and processing of 
natural powders; the surface energy of solids, 
adsorptive properties of powders, adhesion between 
particles, particle size, shape and surface area, and 
the electrical and flow-properties of powders. These 
together provided an excellent general background 
against which to study papers in the industrial 
section covering pigments and fillers in paints, 
printing inks, rubber and plastics (including a paper 
on whiting); powders as used in building cements, 
ceramics, bituminous road materials, cosmetics, 
detergents, pharmaceuticals, pesticides, paper, drilling 
fluids, and explosives; and problems of mineral 
dressing, soil mechanics, powder metallurgy, and 
coal and smokeless fuel production. 

The papers revealed extensive basic research, much 
of it in relation to particular practical problems, and 
there was much evidence of considerable skill in 
process manipulation based on experience and tech- 
nical appraisal of the products. In a brief report it 
is, however, impossible to give details of the numerous 
problems in powder production, manufacture and 
use, calling for further attention, or on which more 
fundamental knowledge would appear to be needed. 

On the production side there were many references 
to the inefficiency of powder handling machines, 
particularly grinding mills (better understanding of 
energy relationships could lead to new methods of 
grinding), and to the unknowns in present methods 
of powder drying and powder size classification 
processes. 

From the papers covering numerous industrial uses 
it was clear that while many of the cutstanding 
problems are specific to particular industries, work 
in one field is not always being fully utilized in others. 
On the other hand, techniques of study successful in 
one industrial context can be unsuited to different 
materials and applications. For example, methods 
of particle-size determination adequate for size-ranges 
down to, say, one micron, giving useful information 
for particular applications, may be quite unsuitable 
for the much smaller particles sometimes involved in 
other types of product. 

There is also the problem of how to measure 
effective or operative particle sizes, in particular 
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environments, for while knowledge of the geometry 
of individual primary particles is valuable, frequently 
the operative unit is an agglomerate, flocculate or 
cluster of particles. Often information about what is 
happening to the constituent particles in an indus- 
trial product has to be deduced from the rheological, 
mechanical or other properties of that product, there 
being an inadequacy of methods for directly observing 
the behaviour of particles within the mass. 

In many industrial applications much more 
information is required about the interplay of 
particle and particle; about the behaviour of 
particles distributed in gas or liquid in various con- 
centrations in relation to the behaviour of single 
particles in the same environments ; also about the 
nature of the bond between such particles and the 
surrounding medium, not only in the static product, 
but also during the various processes involved in its 
application or use and subsequent life. 

What is the present state of basic knowledge about 
powders ? Here the conference was greatly assisted 
by the surveys made in the final section, with their 
collected information on well-established physico- 
chemical principles, and on the forces known to 
operate in dry or wet powders. Careful consideration 
of such information in relation to particular systems 
could, it was suggested, indicate possible means of 
controlling the mechanical behaviour of powders or 
suspensions. 
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There were calls for more information on the 
fundamentals of powder formation, and of the flow 
properties, internal packing, etc., of powders ; also 
on the molecular origin of electrostatic charges, 
adhesion between particles, and the cohesion of the 
mass. There were indications of the kinds of basic 
work needed to improve understanding of the factors 
affecting dispersion and flocculation of particles in 
solid/liquid systems, involving the inherent surface 
chemistry of solids, adsorption, chemisorption, ete., 
and the fine-structure of particles relative to methods 
(for example, adsorption methods) of measuring 
‘surface area’. Recent rapid advances in microscopy, 
and in electron microscopy in particular, were noted, 
with the suggestion that microscopists should seek 
still further to improve their technijues. 

To summarize, the symposium brought together a 
mass of material, fundamental and practical. It 
revealed the ‘zones of ignorance’ and the kind of 
investigations required for further advance. In- 
dividual powder-using industries can be expected to 
continue the search for new basic knowledge pertinent 
to the solution of their own problems, but their task 
would be facilitated by more extensive fundamental 
studies at the universities and in central research 
organizations. The field having been so well surveyed, 
it would be well for the participants to meet again in 
two or three years time to examine progress. 

H. 


COMPOSITION OF MILK IN THE UNITED KINGDOM 


NTIL quite recently the quality of milk has been 

judged mainly on its fat content, but in the 
past thirty years an increased understanding of the 
principles of nutrition has made it clear that the 
most important constituents of milk are not the fats 
but the proteins, minerals and water-soluble vitamins 
which are, of course, to be found in the non-fatty 
solids portion of the milk. Research in the past 
decade has indicated that since i930 or so in 
England and Wales the content of solids-not-fat 
in milk, and therefore the nutritive value of the 
milk, has tended to decline slightly but significantly. 
For many herds the solids-not-fat content of the 
bulked milk has been maintained well above the 
presumptive legal limit of 8-5 per cent, but for an 
undesirably high proportion of herds it has frequently 
been below it. 

These facts led in 1958 to the appointment by the 
Minister of Agriculture, Fisheries and Food, the 
Minister of Health and the Secretary of State for 
Scotland of an interdepartmental committee under 
the chairmanship of Dr. J. W. Cook to consider the 
composition of milk and to recommend any legislative 
or other changes that might seem desirable. The 
Committee's report has now been published*. Various 
members of the Committee formed three vanels, 
which considered medical and animal husbandry 
aspects, and the freezing-point (Hortvet) test for 
detecting the presence of added water in milk. The 


F * Milk Composition in the United Kingdom: Report of an Inter- 
departmental Committee. Pp.iii +92. (Cmnd. 1147.) (London: H.M. 


Stationery Office, 1960.) 5s. net. 


reports of all three panels are published with the 
main report. 

The Committee points out that great progress has 
been made in past years in improving the hygienic 
quality of milk; its members rightly believe that 
similar progress should now be made in improving 
its nutritive quality. To that end they have put 
forward some twenty-three main recommendations. 
They suggest, among other things, that the pre- 
sumptive minimum legal standard of 8-5 per cent for 
the solids-not-fat content of milk should be abolished 
and that price penalties should ultimately be 
imposed when milk contains 8-4 per cent and 
less. They recommend also that milk-recording 
associations should provide means for testing the 
milk of individual cows for solids-not-fat as well 
as for fat. 

There will certainly be many problems to solve 
before all the main recommendations made in the 
report can be implemented, and some breed societies 
and other bodies concerned will feel that the recom- 
mendations go much too far, while others will inevit- 
ably think that they do not go far enough. However 
that may be, it is clear that the Committee has done 
a very thorough job and that the adoption of its 
recommendations should have the desired effect of 
arresting and even reversing any tendency there may 
be for the nutritional quality of milk in the United 
Kingdom to decline. The report contains a wealth 
of information on the subject of the composition of 
milk and will long remain a most valuable and 
reliable work of reference on that subject. 
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A THEORY OF THE MECHANISM OF ACTION OF CREATINE 
PHOSPHOKINASE 


By Dr. B. R. RABIN 


and D. C. WATTS 


Department of Biochemistry, University College, London 


S part of a programme of investigations on the 
A evolution of biological catalysts, extensive work 
has been carried out in this Department on the 
mechanism of action of creatine phosphokinase from 
rabbit muscle. This enzyme catalyses the reaction : 


ATP + Cr = ADP + Cr—P 
adenosine creatine adenosine creatine 
triphosphate diphosphate phosphate 


It has been shown that the rate of formation of 
creatine phosphate (forward reaction) is maximal 
at pH 8-8-9-0, whereas the pH optimum for the 
formation of adenosine triphosphate (reverse reac- 
tion) is 6-0-7-0, depending on the buffers used. 
The enzyme requires the presence of magnesium(IT) 
or manganese(II) ions, and it has been suggested! 
that a metal adenosine tri- or di-phosphate complex 
is the active substrate for the enzyme. Dixon? has 
stated, without giving any evidence, that there is 
reason for believing that the enzyme-substrate 
combination involves the formation of a_ thiol- 
magnesium phosphate complex. The available 
evidence favours neither of these hypotheses*. 

Creatine phosphokinase has two reactive thiol 
groups per mole‘, and alkylation of these with iodo- 
acetate or iodoacetamide, destroys the enzyme 
activity. The kinetics of this reaction have been 
studied by measuring both the loss of enzyme 
activity and the production of iodide ions (using a 
silver/silver iodide electrode). These investigations 
have shown that only one of the SH groups is associ- 
ated with the enzyme activity. 

The reaction of the enzyme with iodoacetate and 
iodoacetamide as a function of pH is shown in Fig. 1. 
It can be seen that, over the pH range studied, the 
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Fig. 1. Effect of pH on the rate of alkylation of creatine phospho- 
kinase. The reagent and protein concentrations were, respectively : 
for lodoacetate, 0:0005 M and 0-42 mgm./ml. ; for iodoacetami e, 


0-0001 M and 0-4 mgm./m i. 
acid/sodium hydroxide ; i A, tris- 


@, 
hydroxide. Temperature, 25° ionic strength, 0-12 


reaction-rate is independent of pH. This surprising 
finding is explicable if both thiols are hydrogen- 
bonded to other groups. The effects of various 
components of the substrate system on the rate of 
alkylation of the thiol groups are shown in Table 1. 
The results were obtained by following the production 
of iodide ions, which measures the reaction of both 
thiol groups. Since only the thiol group at the active 
site is affected by modifiers, and the two thiol groups 
react at nearly the same rate (unpublished work from 
this Department), the kinetic effects on the active 
site are approximately twice those shown in Table 1. 
The significant effects have been confirmed by follow- 
ing the loss of activity. The simultaneous presence 
of all substrates and magnesium(II) causes con- 
siderable protection of the enzyme against reac- 
tion with both iodoacetate and iodoacetamide ; 
in the absence of the metal, there is no significant 
protection. 


Table 1. EFFECTS OF SUBSTRATES ON THE INITIAL RATE OF ALKYL- 
ATION OF CREATINE PHOSPHOKINASE AT 25° C. IN BORATE BUFFER 
pH 9-0 at IONIC STRENGTH 0-12 


Relative initial rate of 
iodide production (rate in 
absence of added sub- 
Substrate added strate = 1-0) 
Todo- Iodo- 
acetate acetamide 
Nil 1-00 1-00 
Equilibrium mixture + Mg(II)* 0-65 0-66 
Equilibrium mixturet 0-91 1-05 
1 M) 1-01 0-97 
ATP (0-001 M) 0-96 1-00 
(0 M) + ‘001 M) 0-81 1-00 
P (0-001 M) + Cr (0-01 M) 0-96 1-07 
01 M) 1-03 1-07 
Cr (0-01 M) + Mag(IT) (0-001 M) 1-01 0-93 
ADP (0-001 M) 1-00 1-00 
ADP (0-001 M) + Mg(II) (0-001 M) 1-27 1-01 


* Obtained by allowing 0-001 M adenosine triphosphate (ATP), 
0-01 M creatine and 0-001 M magnesium(II) to proceed to equilibrium 
before adding the alkylating agent. 


+ Approximate only. Seen of the following mixture : adenosine 
di- and tri-phosphate, 0-0005 M; creatine phosphate, 0:0007 M 
creatine, 0-005 M. 


The effects of ionic strength on the reaction of the 
enzyme with iodoacetate and iodoacetamide are 
shown in Fig. 2. The decrease in reaction-rate with 
increasing ionic strength observed with iodoacetate 
could be due to an electrostatic interaction between 
the carboxyl group and a positive locus on the 
enzyme. Thus it is evident that the effects of the 
vsrious substrate components on the reaction of the 
protein with iodoacetate will be difficult to interpret 
because of this complication. 

The failure of the metal ion, alone or in the presence 
of some of the substrate components, to protect the 
thiol group at the active site against alkylation 
argues against the metal being bound to the thiol. 
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Fig. 2. Effect of ionic strength on the rate of alkylation of creatine 

phosphokinase. The reagent and protein concentrations were, 

respectively : for iodoacetate,0-0005 M and 0-57 mgm./ml. ; for 

iodoacetamide, 0-0001 M and 0-4 mgm./ml. 26° C.; 
pul 9-0 (boric acid/sodium hydroxide) 


The high degree of specificity possessed by the enzyme 
for both guanidine and purine components' indicates 
that these groups are bound at specific sites on the 
protein. If it is assumed that the thiol at the active 
site is hydrogen-bonded, perhaps to an imidazole 
residue, it is possible to visualize a mechanism for 
this enzyme which fits most of the data. The hydrogen- 
bonded thiol-imidazole system can be represented 
by Fig. 3. We suggest that interaction of the 
guanidine group with the thiol occurs only when 
both substrates and the metal are simultaneously 
present. The forward reaction can be represented by 
Fig. 4. In this the dashed lines are the bonds being 
formed or broken. The reaction proceeds by a 
synchronous set of bond re-arrangements, the rate- 
limiting step in which would be the simultaneous 
rupture and formation of the O—P and N—P bonds. 
The hydrogen-bond re-arrangements should occur 
with much greater facility than the nucleophilic 
displacement process at the phosphorus atom. 


Fig. 3 


The function of the metal in the forward process 
is to orientate the phosphate groups and assist the 
reaction by partial neutralization of the charges on 
the phosphate oxygen atoms. If the electronic 
tendencies show’: in Fig. 4 are taken to completion, 
the species inc icated in Fig. 5 are obtained. At 
high pH values ® proton will ionize from adenosine 
diphosphate, probably while this is still attached to 
the enzyme surtace, driving the reaction in the 
forward direction. Tautomeric re-arrangement, inde- 
pendent of »H, regenerating the thiol-imidazole 
hydrogen bond eys*em shown in Fig. 3, would occur 
prior to disso~istiov of the substrates from the enzyme 
surface. The forrnation of adenosine triphosphate 
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Fig. 5 


would occur by complete reversal of the pathway of 
the forward reaction. Addition of a proton to enzyme- 
bound adenosine diphosphate is needed to trigger the 
reverse reaction, and this accounts for the lower 
pH optimum of the reverse process. The reverse 
reaction can be visualized as proceeding via the 
enzyme-substrate complex indicated in Fig. 6. 
Several tautomeric variants of this formulation are 
possible. A prototropic re-arrangement of thio:. 
imidazole would give the intermediate shown in 
Fig. 4 and the reaction would proceed by a counter- 
clockwise set of bond-shifts, the reversal of those in 
Fig. 4. The function of the metal in the formation of 
adenosine triphosphate is to hold the attacking 
phosphate of adenosine diphosphate near the 
phosphorus atom of creatine phosphate and assist 
the nucleophilic displacement at this atom by 
partial neutralization of the charges on the oxygen 
atoms. 

It can be shown, by the use of models, that the 
proposed mechanism is stereochemically feasible. 
We have shown in the diagrams interaction of the 
sulphur with the guanidino group and interaction of 
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the imidazole with a phosphate oxygen. It is, of 
course, possible that these sites of interaction are 
reversed without affecting the essential basis of the 
mechanism. This reaction is an interesting illustra- 
tio of the principle of conjugate requirements’ ; 
in this instance the acid/base groups on the protein 
surface involved with attacking and departing groups 
are hydrogen-bonded together. 

The mechanism we propose can easily be extended 
to other phosphokinases, and it is hoped that it will 
act as a guide and stimulus to further work on 
phosphate transfer systems. 
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A POSSIBLE SPECIFIC CHROMOSOME ABNORMALITY IN HUMAN 
CHRONIC MYELOID LEUKAMIA 


By A. G. BAIKIE, W. M. COURT-BROWN, KARIN E. BUCKTON, D. G. HARNDEN, 
PATRICIA A. JACOBS and ISHBEL M. TOUGH 


Medical Research Council Clinical Effects of Radiation Research Unit, Western General Hospital, 
Crewe Road, Edinburgh, 4 


HREE reports have been published which indi- 

cate that in some cases of acute leukemia in 
man there are abnormalities of both number and 
morphology of the chromosomes in the leukzmic 
cells'-*. However, no consistent abnormality has 
yet been found which can be linked to a specific 
cytological type of acute leukemia. Baikie et al.* 
also reported that they were unable to detect any 
chromosome abnormality in bone marrow prepara- 
tions from a number of cases of chronic myeloid and 
chronic lymphatic leukemia. Nevertheless, it was 
said at the time that the standard of the preparations 
was such that the possibility of a small chromosomal 
lesion could not be excluded. 

In recent months considerable developments have 
occurred as a result of the utilization of the technique 
of Hungerford et al.‘ for the culture of the leucocyte 
component of the peripheral blood. It is now recog- 
nized that chromosome preparations made from such 
cultures are of an appreciably better quality than 
those made from bone marrow. Using this blood 
culture technique, Nowell and Hungerford’ noted the 
presence of a minute chromosome in dividing cells 
from the peripheral blood of two male patients with 
chronic myeloid leukemia, and they regarded this 
as an unusually small Y chromosome. At about the 
same time as these observations were published, we 
noted the presence, in blood culture preparations, of 
a similar small chromosome in two female patients 
with chronic myeloid leukemia. It was apparent, 
therefore, that if the same abnormal chromosome was 
being viewed by both groups of workers, then the 
abnormality must involve an autosome and not the 
Y chromosome. In the light of these findings we 
re-examined all our material from cases of chronic 
myeloid leukemia, as well as studying two fresh cases 
of the disease. As a result of this we are satisfied 
that the presence of an unusually small autosome 
(Fig. 1) is a characteristic feature of many cases of 
chronic myeloid leukzmia. 

Altogether we have studied the chromosomes in 
blood cultures from 12 patients (4 males and 8 females) 
suffering from chronic myeloid leukemia. Among 
these were two patients who had had no previous 


treatment for their disease, either by X-irradiation 
or by chemotherapy. The remaining 10 patients had 
all been treated by radiotherapy some time prior to 
our work. The small chromosome was noted in 
preparations from eight patients, inclusive of both the 
untreated patients. Included among the 12 patients 
were three in a terminal acute transformation of the 
disease, and the relevant chromosome was noted in 
cultures from one of these. Marrow preparations 
have been studied from 10 patients, of whom four 
were males, and the small chromosome has been 
clearly seen in three patients, all three being fresh 
untreated cases. These three latter patients include 
two of those in whom the chromosome was also seen 
in blood culture. The remaining seven marrow 
preparations were of too poor a quality for us to be 


Fig. 1. Cell from the leucocyte component of blood cultured from 

a female with chronic myeloid leukemia. The three normal-sized 

small acrocentric chromosomes are marked A. The unusually 
small acrocentric is marked B 
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certain as to whether the abnormality was present 
or not. In no case has the abnormally small chromo- 
some been seen in every cell. The frequency of 
its occurrence has varied from 1/7 cells to 48/50 
cells studied, and in all patients some normal euploid 
cells have been seen. 

In addition to re-examining our material from cases 
of chronic myeloid leukemia, we have also re- 
examined our preparations from the periyheral blood 
of individuals with apparently normal karyotypes, 
and our marrow and blood preparations from patients 
with acute leukemia in which we had thought no 
chromosome abnormality to be present. Blood 
preparations were available from 90 individuals with 
apparently normal karyotypes and seven were 
selected at random, to which were added five prepara- 
tions from cases of chronic myeloid leukzemia showing 
the small chromosome. These twelve preparations 
were then submitted to an independent observer 
who was ignorant of the patients involved. The 
five preparations with the small chromosome were 
readily identified, and in none of the seven control 
preparations was the chromosome thought to be 
present. We have also reviewed marrow preparations 
from eleven patients and blood preparations from 
3ix patients with acute leukemia having an appar- 
ently normal karyotype, and we have no evidence in 
these of the unusually small chromosome. Finally, 
we have studied the bl cultures from five cases of 
mongolism associated with acute leukzmia and found 
no abnormality apart for the classical mongol karyo- 
type which is presumed to be trisomy for autosome 
21. 

Before discussing the possible significance of these 
findings, the question of radiation exposure has to be 
considered, as chronic myeloid leukw#mia is increased 
in frequency in heavily irradiated populations*.’. 
We have not been able to check with any certainty 
the histories of diagnostic X-ray exposure of our 
patients prior to the development of their leukzmic 
state. ‘Two patients, however, have histories of 
radiotherapeutic exposure for conditions quite un- 
related to leukemia. One patient, a woman, was 
treated in December 1953, for a simple papilloma of 
the bladder by means of a radium implant. An area 
3 x 3 cm. on the base of the bladder was given a 
dose of 6,000 rads over a period of 146 hr. This 
patient was diagnosed as having chronic myeloid 
leukemia in May 1958, ,and the unusually small 
chromosome has been identified in cultured blood 
cells. The second patient, a male, was treated for 
ankylosing spondylitis between February and April 
1955, a total dose of 1,500 rads being given to the 
skin over the whole length of the spine and the sacro- 
iliac joints. A diagnosis of chronic myeloid leukemia 
was made in March 1956. Only marrow cultures were 
available from this man and their quality was such 
that we could not be certain whether the small 
chromosome was present or not. On the basis of 
our knowledge of the distribution of the latent periods 
of radiation-induced leukemias between radiation 
exposure and diagnosis, we cannot exclude the 
possibility that the first case was induced by radia- 
tion ; it seems, however, unlikely that this was so in 
the second case, as the length of the latent period 
following a single heavy exposure usually lies between 
four and eight years, and the increased frequency 
of leukemia is not noted until the second post- 


exposure year. 
It now seems certain that the unusually small 
chromoseme 


is one of the members of the two 
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pairs of small acrocentric chromosomes numbered 
21 and 22 in the Denver Classification. The most 
reasonable explanation for its small size is the occur. 
rence of a deletion. The fact that we have in every 
preparation found some normal euploid cells suggests 
that the error does not occur in all the body cells and 
presumably is confined to cells from the bone marrow. 
We are at present undertaking the investigation of 
the chromosomes from skin culture preparations to 
help to clarify this point*. We have not noted the 
unusually small chromosome in any other person 
that we have studied. Carter et al.*, however, have 
published ideograms of the chromosomes from blood 
cultures made from a mother and her mongol son, 
and in both these ideograms an unusually small 
chromosome appears to be present. The mother has a 
diploid number of 45, and is considered to have a 
translocation involving autosomes numbers 15 and 
21, while the son has the full complement of small 
acrocentrics in addition to the same translocation, 
and is presumed to be effectively trisomic for number 
21. 

It has been established that mongols have a 
heightened probability of developing acute |leu- 
kemia*-'*, but not apparently of developing chronic 
myeloid leukemia. From unpublished observations 
on death certificate data (Court-Brown and Doll) 
it does not appear that this increased liability relates 
to any specific cytological type of acute leukemia, 
although the unreliability of such data must be borne 
in mind. It is also known that in most mongols 
there is a morphological abnormality of the poly- 
morphonuclear leucocytes which takes the form of a 
deficiency in nuclear lobulation™’. It is not unreason- 
able, therefore, to suggest that the autosome involved 
in mongolism may possess a locus or loci concerned 
with some aspect of the control of leucopoiesis. Our 
present findings in relation to chronic myeloid leuke- 
mia indicate that in many cases of this disease 
there appears to be a deletion involving either 
autosome 21 or 22. Im the meantime it would 
seem not unreasonable to adopt the working hypo- 
thesis that the same autosome is involved in many 
cases of chronic myeloid leukemia and in mongol- 
ism. . 

*Note added in proof. Since this communication was 
submitted for publication, it has been possible to 
examine the chromosomes in cells from skin cultures 
of three patients with chronic myeloid leuk#mia. 
Blood culture studies of all three patients showed the 
presence of the unusually small chromosome, but 
this was not seen in any of the skin cells. 
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BLUE WILDEBEEST AND THE ATIOLOGICAL AGENT OF BOVINE 


NATURE 


MALIGNANT CATARRHAL FEVER 


By W. PLOWRIGHT, R. D. FERRIS and G. R. SCOTT 
East African Veterinary Research Organization, Muguga, P.O. Box 32, Kikuyu, Kenya 


ALIGNANT catarrhal fever of cattle is a trans- 

missible disease of world-wide distribution, 
sporadic occurrence and very high mortality'-* ; 
it is not contagious! and fomites are not infectious 
on parenteral inoculation'. The ztiological agent is 
generally held to be a virus although, to our know- 
ledge, there has been no reliable proof of its filter- 
ability. 

In the majority of countries it is believed, largely 
on circumstantial evidence, that sheep are reservoirs 
of the virus without ever showing any clinical signs 
of its presence*.*-*. However, the mode of trans- 
mission from sheep to cattle has not been determined, 
and, in fact, the fuil clinical and pathological sydrome 
has never been reproduced in cattle by inoculation of 
materials from sheep. In Africa, infections among 
cattle often follow close association with apparently 
normal wildebeest!,’,*,1°, but the only experimental 
proof that the latter may harbour the agent of 
malignant catarrhal fever was provided by Mettam!. 
In one instance he inoculated the blood of a black 
wildebeest (Connochaetes gnou, Zimmerman) into an 
ox which showed a transi‘ory pyrexia 14 days 
later. Blood collected at this time caused typical 
malignant catarrhal fever on sub-inoculation to 
another ox. Further attempts to demonstrate the 
virus in wildebeest consistently failed. 

We have recently investigated the role of the blue 
wildebeest (Gorgon taurinus taurinus, Burchell) in the 
epizootiology of malignant catarrhal fever in Kenya. 
The causal agent has been isolated from them and 
successfully propagated in cattle, rabbits and mono- 
layer tissue cultures; the latter, especially, have 
thrown new light on its salient characteristics, which 
are nere described in a preliminary manner. 

During February 1959 and February—March 1960, 
35 blue wildebeest of varying age and sex (Table 1) 
were shot in two game reserves of Kenya which are 
about 100 miles distant from each other. Heparinized 
blood and, occasionally, spleen and lymph-node tissue 
were collected immediately, stored on ice and within 
48 hr. inoculated into cattle by the intravenous or 
subcutaneous routes. Monolayers were prepared from 
trypsinized cells derived from five near-term foetuses 
and four calves 1-3 months old; all these cultures 
were observed for 28 days to detect cytopathic 
changes. Finally, leucocyte fractions from about 
200 ml. of blood of 20 wildebeest were inoculated 
into monolayer cultures of normal bovine thyroid 
cells (vide infra) and suspensions of two foetal spleens 
were used for cattle and culture inoculations. 

Five isolates of malignant catarrhal fever virus 
were recovered from the 35 wildebeest, three from 
females in late pregnancy, one each from a yearling 
male and a yearling female (Table 1). Animal 


Table 1. ISOLATION OF MALIGNANT CATARRHAL FEVEK VIRUS FROM 
BLUE WILDEBEEST IN KENYA 
| 
No. No. 
positive | positive 
No. of on by all : 
Age Sex |animals| cattle tissue Remarks 
inocula- | culture 
tion* tests 
Maturet F 8 3/8 0/8 One isolate 
Pregnant | | recovered 
| from foetal 
| gpleen only 
Mature + 0/3 
Yearling F 6 0/6 1/6 First cyto- 
pathic 
changes, 
day 16 
<3 months | F 2 O/2 | 0/2 -- 
Maturet M 7 o/7 | 
Yearling M 6 | First eyto- 
| | Pathic 
| | changes, 
} day 18 
<8 months | M 2 | | on 
Totals 3/35 2/29 5 isolates-re- 
covered from 
| 35 wilde- 
| | beest 


* Blood was inoculated in a dose of 25 to 200 ml., tissue suspensions 
contained 3-10 gm. material. 
+ Mature means estimated to be two years or older. 


inoculations yielded three isolates, bovine thyroid 
cultures two different strains, one of which was shown 
to produce typical malignant catarrhal fever in 
cattle. No infective virus was demonstrated in lightly 
centrifuged suspensions of pooled spleen and lymph 
node tissue from the two pregnant animals which 
were proved to have had a viremia. 

The disease developed in cattle after an initial 
incubation period of 34-38 days, being clinically 
identical in all respects to the virulent ‘head-and-eye’ 
form!!. Pathological and hematological changes in 
infected cattle were similar to those described 
previously for cattle-derived strains of this virus'®-". 
In addition to the well-known perivascular accumula- 
tions of mononuclear cells, there was an angiitis of 
both arteries and veins characterized by necrosis and 
mononuclear cell infiltration of the media with 
swelling and proliferation of the endothelium". 

One isolate was carried by two methods through 
more than 20 serial passages in cattle. The first line 
was maintained by the intravenous inoculation of 
heparinized blood, 5 ml. being an effective dose ; for 
the second, crude 10 per cent suspensions were prepared 
in Ten Broeck grinders from prescapular lymph-node 
tissue and 5 ml. quantities of these were inoculated 
subeutaneously. Once established in cattle the 
incubation period decreased to a mean 18-5 + 1:1 
days, and the method of sub-inoculation did not 
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produce significant variations in this parameter. The 
mortality was 96 per cent with an average survival 
time of 8-7 + 0-8 days. 

Ten per cent lymph-node suspensions of the third 
to twenty-fourth produced the disease in 
cattle after 10-*-10-* dilution. Nevertheless, the 
supernatants remaining after centrifugation for 10 
min. at 2,000 r.p.m. were devoid of infectivity in a 
dose of 20-25 ml. Similarly, 100 ml. of plasma was 
non-infective although whole blood had a titre of 
10-\-10-* per 5 ml. These observations confirmed 
and extended previous findings™.". 

The agent was established in rabbits'® by the 
intracerebral or intraperitoneal inoculation of cattle 
lymph-node tissue and passaged by the intracerebral 
inoculation of brain or the intraperitoneal injection 
of spleen or lymph-node suspensions. The average 
incubation period in this species was 15-2 + 0-8 days, 
death following invariably and usually suddenly after 
a further 4-6 + 1-3 days. The post-mortem findings 
and histopathology were similar to those already 
described"*.*. Plasma or low-speed supernatants 
from suspensions of infected tissues sometimes con- 
tained infective virus, thus differing from cattle 
materials treated similarly. 

Initial attempts to propagate the virus in tissue 
culture.were made by preparing monolayers from the 
kidneys, bone marrow and blood leucocytes of infected 
cattle. No cytopathogenic effect was observed at this 
time in living or stained cultures during an observa- 
tion period of 28-30 days. Lymph-node suspensions 
produced no specific changes in established primary 
cultures of calf or sheep embryonic kidney and. calf 
or sheep testis. Stimulated by the work of Pulver- 
taft'’, we then prepared monolayers from trypsin- 
dispersed cells of the thyroid of an infected ox, and 
these cultures showed a focal cytopathogenic effect 
first observed on the ninth day. The causal agent 
could not be passaged with cell-free fluids from the 
infected culture, but subcultivation to other thyroid 
monolayers was achieved by intact cells removed 
from the glass mechanically or with a mixture of 
versene and trypsin. These cell suspensions also 
reproduced malignant catarrhal fever in‘ cattle 
following intravenous administration. Stained cover- 
slip preparations showed that the cytopathic changes 
observed were characterized by the formation of 
syncytia with intranuclear inclusions of type A 
(Fig. 1). 

Similar cytopathogenic agents were regularly 
recovered by culture of the thyroid glands of other 
diseased cattle, infected with the same and other wilde- 
beest isolates. The incubation period, when cell 
growth was satisfactory, was about 6-8 days. Further- 
more, it was found that monolayers were readily 
prepared from adrenal gland tissue of infected cattle, 
and that these showed identical focal cytopathic 
changes, frequently detectable after 5-9 days. 
Virus of similar cytopathogenicity was also demon- 
strated in the blood of infected wildebeest (Table 1), 
cattle and rabbits and in lymph-node suspensions from 
the last two, by inoculation on to normal calf thyroid 
monolayers. Cytopathic changes were seen after as 
little as 3-4 days in the case of the last two species, 
blood titres reaching 10°-*? T'CD,, per ml. and gland 
titres 10-* 7’7CD,,. per gm. in the ox. No cytopath- 
ogenic agent was ever recovered from uninoculated 
control cultures observed over prolonged periods. 

Cell types which were found to be susceptible to 
the virus isolated in thyroid cultures included primary 
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Fig. 1. Thyroid monolayer from an infected ox, eight days after 
seeding, showing a nuclear sapuenticn with intranuclear in- 
clusions 


sheep thyroid, calf testis and adrenal or rabbit and 
wildebeest kidney. In all these, however, as also in 
bovine thyroid, there was a tendency for the virus- 
induced changes to become progressively less exten- 
sive on passage or prolonged cultivation. Very 
satisfactory serial cultivation was eventually achieved 
by employing an ‘established’ line of calf kidney cells 
developed in this laboratory by one of us (R. D. F.). 
Suspensions were mixed, at the time of seeding into 
culture vessels, with infected trypsin-dispersed cells 
of the previous passage. Cytopathic foci then 
appeared after as little as 24 hr., often extending to 
involve a large proportion of the available cells in 
5-7 days. 

Five isolates were passed 14-38 times in this 
manner, the total period of time in culture varying 
from 3 to 10 months. Full cattle pathogenicity was 
retained at least up to the tenth to nineteenth 
passages for three isolates tested. Trypsin-dispersed 
cells from infected cultures were titrated by mixing 
10-fold dilutions in growth medium with ‘clean’ 
suspensions of the cell line. Te maximum number of 
infective centres was approximately 10 per cent 
of the total viable units as estimated by single 
cell counts after staining with neutral red. A 
suspension containing 10*-? 7'CD,, per ml. of 
fourteenth culture passage virus had a cattle infective 
titre of 10%-?. 

For a variable period no virus could be demon- 
strated in cell-free fluids from infected cultures, but 
after seven to thirty passages it was found that all 
four isolates produced free virus. This was not 
deposited at 5,000g for 30 min. and reached a titre 
of 10°-* T7CD,, per ml. in one instance. Free virus 
was shown to be capable of passing graded collodion 
membranes of average pore diameter 430 mu. 

The cause of malignant catarrhal fever is therefore 
a virus which is present in the tissues of a proportion 
of apparently normal wildebeest in two widely separ- 
ated areas of Kenya. The recovery of the virus 
from the spleen of a wildebeest foetus in utero (Table 
1) showed that trans-placental transmission occurs 
in this species. It can be propagated in suitable 
monolayer tissue cultures and produces a cyto- 
pathology which resembles that of herpes simplex", 
B virus'’, pseudorabies'*, varicella and herpes zoster’’. 
It is remarkable that the histopathology of malignant 
catarrhal fever in cattle and rabbits has never been 
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reported to include either the formation of syncytia 
or the presence of intranuclear inclusions. A careful 
re-examination of material available to one of us 
(W. P.) has confirmed the absence of both these 
features. 

Epizootiologically malignant catarrhal fever virus 
behaves like B virus, herpes simplex and pseudo- 
rabies in that these agents usually cause very mild 
infections in their customary reservoirs (monkey, 
man and pig, respectively) but highly fatal diseases 
when introduced into other experimental or natural 
hosts***!. Herpes is a classic example of persistent 
infection, and some authorities®** consider that 
herpes zoster may be a manifestation of recurrent 
pathogenic activity in individuals harbouring the 
virus of varicella. A viremia extending over many 
months has been proved in this laboratory to be 
present in some of the few cattle which recover from 
malignant catarrhal fever. It is probable that the 
same virus persists for long periods, if not for life, 
in sheep and wildebeest. 

The agent of malignant catarrhal fever resembles 
varicella and herpes zoster in its failure to produce 
free virus in early culture passages’®, but differs from 
them in that all tested isolates do so later and that 
cell-free virus cannot be demonstrated in the tissues 
of infected cattle. This last is a most important fact, 
which probably explains many failures to transmit 
the disease experimentally and also to filter and 
conserve the causal agent. In connexion with the 
last problem it may be noted that methods employed 
for the preservation of cell lines at low temperatures 
have been shown by us to be suitable for the long- 
term storage of the agent in cultured cells. The 
absence of free virus in cattle has an obvious bearing 
on the technique and interpretation of quantitative 
studies on the multiplication and distribution of 
the virus in tissues of infected animals. It is also 
fundamental to a study of its resistance to various 
physical and chemical agents, or neutralization by 
‘immune’ sera. 
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The peculiar sensitivity of thyroid and, to a less 
extent, adrenal cells for the primary isolation of 
malignant catarrhal fever virus and the failure of 
other more widely employed types suggests that the 
former may possibly be used with advantage for other 
viruses which have so far failed to produce cyto- 
pathogenic effects in vitro. 

More detailed results of these and other investiga- 
tions will be published elsewhere. 

We are grateful to Capt. D. N. Zaphiro, Kenya 
Game Department, and to Lee M. Talbot, Wildlife 
Research Project, U.S. National Academy of Sciences, 
for invaluable help in the collection of tissues from 
wildebeest. 


1 Mettam, R. W. M., Ninth and Tenth Reps. Dir. Vet. Educ. Res.. 
Union of 8. Africa, 393 (1923). 

* Gdtze, R., and Liess, J., Deutsch. Tierdrztl. Wschr., 37, 433 (1929). 

* Stenius, P. I., “Bovine Malignant Catarrh: a Statistical, Histo- 
pathological and Experimental Study” (Institute of Veterinary 
Pathology, Helsinki, 1952). 

* Piercy, S. E., Brit. Vet. J., 108, 35 (1952). 

5 Gdtze, R., and Liess, J., Deutsch. Tierdrztl. Wschr., 38, 194 (1930). 

* Wyssman, E., Schweiz. Arch. Tierheilk., 18, 509 (1934). 

7 de Koch, G., and Neitz, W. O., S. Afr. J. Sci., 46, 176 (1950). 

* Piercy, S. E., Brit. Vet. J., 110, 508 (1954). 

* Cumming, R. G., “‘Lion Hunter of South Africa”, quoted by Mettam 
(ref. 1), 492 (1850). 

1° Daubney, R., and Hudson, J. R., J. Comp. Path., 49, 63 (1936). 

11 Gétze, R., Deutsch. Tierdrztl. Wschr., 38, 487 (1930). 

12 Plowright, W., Proc. Fifteenth Int. Vet. Congress, Stockholm, Pt. 1, 
320 (1953). 

13 Daubney, R., Ann. Rep. Vet. Dept. Kenya, 12 (Govt. Printer: 
Nairobi, 1945). 

14 Piercy, S. E., Brit. Vet. J., 108, 214 (1952). 

15 Pulvertaft, R. J. V., Davies, J. R., Weiss, L., and Wilkinson, J. H.. 
J. Path. Bact., 77, 19 (1959). 

16 Scherer, W. F., Amer. J. Path., 29, 113 (1953). 

1? Wood, W.. and Shimada, F. T., Canad. J. Publ. Health, 45, 509 (1954). 

18 Tokumaru, T., Proc. Soc. Exp. Biol., N.Y., 98, 55 (1957). 

1° Weller, T. H., Witton, H. M., and Bell, E. J., J. Exp. Med., 108, 
843 (1958). 

2 Burnet, F. M., Lush, D., and Jackson, A. V., Aust. J. Exp. Biol. 
Med., 17, 41 (1939). 

21 Keeble, S. A., Christofinis, G. J., and Wood, W., J. Path. Bact., 76. 
189 (1958). 


22 Stokes, in Rivers, T. M., ‘Viral and Rickettsial Infections of Man’’, 
third ed. (Pitman Medical Publishing Co., Ltd., London, 1959). 


** Downie, A. W., Brit. Med. Bull., 15, 197 (1959). 


ROLE OF CEREAL FAT IN THE PRODUCTION OF NUTRITIONAL 
DISEASE IN PIGS 


By B. THAFVELIN 


State Veterinary Institute, Stockholm 


N Sweden nutritional diseases such as hepatosis 

diaetetica (dietetic liver necrosis) and muscular 
degeneration represent a serious hazard in pig rais- 
ing. Through pathological and experimental work, 
Obel' demonstrated that two factors—vitamin E 
and the sulphur-containing amino-acids, methionine 
and cystine—are effective in preventing hepatosis 
diaetetica and suggested that Schwarz’s factor 3 
might also be involved. Since Schwarz and Foltz? 
detected the factor 3 effect of selenium compounds, 
and Eggert et al. and Grant and Thafvelin‘ have 
shown the effectiveness of selenium salts for the 
prevention of experimental hepatosis in pigs, and 
since Schwarz et al. have established that the pro- 
tective effect of the sulphur-containing amino-acids 
almost certainly depends on contamination with 
selenium, attention is now mainly directed towards 


vitamin E and factor 3 (that is, biologically active 
selenium) in the «tiology of the lesions concerned. 
The absolute vitamin E content of feeds is per se of 
interest ; but it is the relationship between the 
amounts of vitamin E and polyunsaturated fatty 
acids which seems to deserve emphasis. For this 
reason the unsaturated fatty acids of cereal grains 
have assumed a central place in current work on 
hepatosis diaetetica and muscular dystrophy in pigs. 

In spite of conventional prophylaxis through 
dietary manipulation (cod liver oil is nowadays fed 
only sparingly to pigs), too many cases of hepatosis 
diaetetica and muscular degeneration occur among 
pigs in Sweden. There is reason-to look into the 
wtiological importance of the grain fed since these 
diseases often occur among pigs fed nearly exclusively 


on grain. 
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Table 1. PROPERTIES OF THE VARIOUS FEEDS 
Tocopherol 
| Feed heated 130 0-87 
| Maize heated | | 108 14 


* Mean throughout experiment. 


Theoretically, there are two aspects of the disease- 
producing properties of feed grains to be considered— 
the unsaturated fatty acids and the level of bio- 
logically active selenium. In a recent paper’, we 
have published the results of work on cereal fats 
and have indicated their potentialities for becoming 
rancid in certain circumstances. This article gives 
a brief account of attempts to produce nutritional 
lesions in pigs by feeding grain containing rancid 
fats or fats with a tendency towards autoxidation. 
The results were checked by feeding pure vegetable 
oil of known oxidative status. 

Apart from the experimental feeds to be described 
here, the pigs received daily supplements of 1-1-5 
litres skimmed milk and minerals. Pigs of the Swedish 
Lantras breed, 10-12 weeks old, were used. Routine 
blood analyses and determinations of serum trans- 
aminase activities (glutamic-oxalacetic transaminase 
(GOT) according to Karmen-Ordell’) were per- 
formed. Our normal value for serum-GOT activity 
in pigs is 22-5 + 7-7 (x = 61) Karmen—Ordell units. 
Through work en pigs of the same breed carried 
out by Reitman and Frankel’s method, a normal value 
for serum-GOT activity of 28-03 + 15-39 units was 
found by Wretlind, Orstadius and Lindberg’. 

“Peroxide’-levels in the cereal fat and vegetable 
oil were estimated by a method developed by K. 
Erne of this Institute. 

The tocopherol contents were determined in the 
laboratories of AB Ewos, Sédertiilje, by Dr. G. 
Ekstrém using the method of F. Bro-Rasmussen and 
W. Hjarde’. All pigs which died or were killed were 
autopsied (C. A. Grant‘). The lesions of hepatosis 
diaetetica and muscular degeneration were evaluated 
by conventional standards'. The criteria applied 
for the diagnosis ‘plétzlicher Herztod’ have been 
briefly mentioned before‘ and will be presented more 
fully in another connexion. 

Experiment 1. The effect of feeding grain containing 
fats of great susceptibility towards rancidity (feed I). 

As shown in Table 1, autoxidation could be induced 
in this sample of grain by heating in an incubator 
(21 hr. at 100° C.). Five pigs received grain heated 
in this manner and five received unheated grain from 
the same sample. Significantly increased serum- 
GOT values were recorded for the first group from 
the twenty-first day (Fig. 1). Two died after 21 and 
33 days, respectivoly, and the remaining three were 
killed after 56 days. The major autopsy findings are 
given in Table 2. 

The five control pigs remained clinically healthy. 
All were killed on the thirty-sixth day. From the 
transaminase values given in Fig. 2 anc from experi- 
ence with previous experiments it appears most likely 
that tissue destruction did not occur during the 
experimental period. Gu several occasions during the 
last days of the experiment the pigs fought savagely ; 


this experiment is to be repeated with precautions 
to eliminate fighting. 

Experiment 2. Tha effect of feeding grain contain- 
ing fat which had spontaneously oxidized during 
storage (feed II). 

This sample of grain had produced nutritional 
lesions among pigs on a farm. Five pigs were given 
the feed as such. Five control animals received the 
grain heated in an incubator at 100° C. for 4 hr. at 
the beginning of the experiment and later for 6 hr. 
to accelerate the oxidative processes to stability 
(Table 1). Increased serum-GOT values were seen 
in the pigs of the first group by the sixth day (Fig. 3). 
One pig died on the thirteenth day, two on the four- 
teenth, and the remaining two were killed on the 
thirty-eighth and fortieth days, respectively. 


2050 


GOT-units 


Fig. 1. Serum enzyme-levels for pigs fed grain heated in order to 
induce oxidation 
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Fig. 2. Serum enzyme-levels for pigs fed unheated grain 
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Table 2. Mayor AUTOPSY FINDINGS 
700 
Waxy de- 
No. of | Lesions of gqunssation Hepatosis 
Group animals diaetetica 
Herztod | m 600 
| Feed I, unheatedt 5 | 
Feed L heated 5 4 5+++* 0 
Feed II, unheated 5 5 5+++ 1 500 L 
| Feed II, heated 5 0 5+ to ++! 0 
| Maize oil, fresh 2 0 1(+) 0 
Maize oil, heated 2 2 2+++ 1 
| 400 
Degree of degeneration : - 
*(+), only few involved; +, slight degeneration; ++, 
moderate degeneration; +++, pronoun degeneration. =) 
t See text under experiment 1. = 300- 
No clinical signs were seen in the five control pigs 
although all showed slightly increased serum- 200 F 
GOT activities (Fig. 4). 
The major autopsy findings are given in Table 2. 
Experiment 3. The effects of feeding fresh and rancid 100 
vegetable oil. 
As a pilot experiment four pigs were fed a normal 
diet to which was added a daily supplement of 250 ml. 1 ‘ A 4 A 1 
10 20 30 40 50 60 


maize oil per pig. Two pigs received fresh oil and two 
oil which had been oxidized by heating (Table 1). 

The pigs fed rancid maize oil died after 16 and 37 
days respectively. Serum-GOT values were elevated 
throughout the course of the experiment (Fig. 5). 

No clinical signs and no increase in serum-GOT 
activities were evident for the two control animals 
(Fig. 6). 

The major autopsy findings are listed in Table 2. 
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Fig. 8. Serum enzyme-levels for p' 
which had spontaneously oxi 


fed grain containing fat 
during storage 


Days 


Fig. 4. Serum enzyme-levels for pigs fed grain heated in order to 
accelerate the oxidative processes to stability 
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Fig. 6. Fresh maize oil 


Discussion 


It has long been known that hepatosis diaetetica, 
muscular dystrophy and allied lesions can be produced 
experimentally by feeds which contain unsaturated 
fatty acids of marine origin'*-"*, It is, however, an 
observed fact that the addition of marine, fat to pig 
feed is by no means a prerequisite for the occurrence 
of these lesions in Swedish pigs. Grain, on the other 
hand, forms the greater part of conventional pig 
rations. With this in mind, the question could be 
posed whether or not the natural fat of the grain 
could in certain circumstances be the underlying 
cause of these disorders. Chemical studies of the 
properties of cereal fat during various phases of 
maturation and under various storage conditions have 
shown this hypothesis to be theoretically accapt- 
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able**-'", The results of this initial work can be 
summarized as follows. 

(1) ‘New grain’ contains fats characterized by 
little or no rancidity but also by great susceptibility 
to rancidity. This susceptibility steadily decreases 
during storage. 

(2) Lf ground, grain will gradually lose the ability 
to protect its fat against oxidation and, depending 
on its original properties, sooner or later during 
storage in this state will become rancid. 

Expressed in another way, grain can in certain 
circumstances contain unstable fats, that is, fats with 
a tendency to become rancid. This is especially 
apparent during rainy years with little sunshine. In 
experiment 1, grain of this type was ground and 
heated to give it roughly the same properties as 
ground grain stored under naturai conditions. Treated 
in this way, the grain produced the lesions listed in 
Table 2. 

The grain fed in experiment 2 was known to have 
produced spontaneous disease in a herd of pigs. 
The grain as such contained highly oxidized fats and 
produced the lesions described in Table 2. Through 
heating, it was possible to stabilize the fat and in that 
way greatly reduce its disease-producing propensity. 

Finally, it could be shown in experiment 3 that 
pure vegetable oil, when oxidized, can produce 
lesions belonging to the same group as those en- 
countered in the other two experiments and in pigs 
dying of the spontaneous diseases. 
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To sum up, then, there is ample evidence suggesting 
that when hepatosis diaetetica, muscular degeneration 
and allied disorders are seen in pigs fed mainly on 
grain, the occurrence of these lesions can be coupled 
with the properties of the cereal fat. 

These investigations have been supported by grants 
from Jordbrukets forskningsrad. GOT reagents have 
kindly been supplied by AB Kabi, Stockholm. 
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THE BIOSPECIES IN ENTOMOLOGY 


By M. F. CLARIDGE 
Department*of Zoology, University College, Cardiff 


T a recent joint discussion of the Linnean Society 

and the Systematics Association on the subject 
of the sub-species, it was quite evident that there 
is still no basic agreement between biologists on the 
nature of the species itself. Thus there can be little 
hope of defining the sub-species to the satisfaction of 
all workers. 

It has been argued recently',* that the term species 
should be restricted entirely to a morphological 
entity : that is, it would be the lowest taxonomic 
category (except the variety ?) above the individual 
and be defined entirely morphologically. In consider- 
ing sexually reproducing forms, the justification for 
such a concept is that it represents the nearest 
approach to a true biological species which can be 
attained in the present state of knowledge for many 
animal and plant groups. Even to Linnzus the 
species was a biological entity characterized by 
a quality of breeding true*. Later workers stressed 
the importance of a sterility barrier between species. 
Poulton developed the idea of the species as a freely 
interbreeding series of populations in Nature and 
coined the term ‘syngamy’ for such a free-interbreed- 
ing relationship. Even at the beginning of this 


century Poulton was aware of the difficulty of determ- 
ining the status of geographically isolated or allopatric 
forms, since it was not possible to determine whether 
or not such forms could interbreed in the field. 
This led to the modern polytypic species taking 
account of variation in space, that is, geographical 


variation. The concept has been fully developed by 
Mayr’ and critically reviewed by Cain’. Unfortun- 
ately, tho status of truly allopatric forms can never 
be determined with certainty. However, sympatric 
forms, that is those the breeding ranges of which 
either coincide or overlap in Nature, can be delimited 
objectively by the presence or absence of syngamy, 
of what Mayr® has termed “crossability’’, between 
them. There is no biological reason why morphologi- 
eal differences should always be associated with the 
breeding barrier and thus no a@ priori reason why 
there should always be morphological differences 
between species. Of course there usually will be such 
differences which can then be used as indicators of 
the true biospecific limits. This is the main justifica- 
tion for the use of the morphospecies in neontology 
when considering bisexually reproducing forms. 
Dobzhansky’,* has developed the theory of specia- 
tion by spatial isolation of populations and subsequent 
selection for isolating mechanisms. It is supposed 
that the populations would diverge genetically when 
in spatial isolation due to the differential action of 
natural selection in the different environments. On 
meeting again, hybrids between the forms would be 
at a selective disadvantage to either of the parental 
types, and, providing that this disadvantage was large 
enough not to be swamped, there would be heavy 
selection for the establishment of isolating mechan- 
isms and eventually separation as good species. 
Koopman’ has been able to demonstrate the very 
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rapid evolution of isolating mechanisms in the labora- 
tory between two very closely allied species of 
Drosophila, D. pseudoobscura Frolova and D. 
persimilis Dobzhansky and Epling, which can be 
made to interbreed at temperatures of about 16° C. 
These experiments strongly support Dobzhansky’s 
theory, which also seems adequate to explain the 
existence of many groups of insects in which morpho- 
logical specific differences are either very small or 
almost non-existent. In such groups the species 
often differ more obviously in biological features. 

It is essential that there should be some ecological 
differences between closely allied sympatric species 
if they are to co-exist. Ecological differences such as 
separate breeding seasons may have arisen when the 
populations were spatially isolated and would then 
automatically be important as isolating mechanisms 
when the populations met again. However, some 
ecological differences may not be of importance in the 
actual process of speciation, but only in the avoidance 
of competition after specific differentiation. Thus 
differences between closely allied sympatric species 
may be of at least two kinds, associated either with 
the primary isolating mechanisms or with secondary 
ecological differences and usually with both. How- 
ever, morphological characteristics need not always 
be associated with either. Thus in my view it is 
wrong to insist on distinct morphological characters 
for separating species when the only certain criterion 
is the presence of reproductive isolation. Perhaps 
the most satisfactory definition of the biological 
species or biospecies is that of Mayr‘, namely, 
“Species are groups of actually or potentially inter- 
breeding natural populations, which are reproduc- 
tively isolated from other such groups’. The only 
weakness lies in the phrase “potentially interbreed- 
ing’’, which has to be introduced in order to include 
allopatric populations. 

All grades of morphological differences between 
true biospecies have been recorded, including many in 
which the differences are very slight. Well-known 
examples of such sibling species are Drosophila pseudo- 
obscura and D. persimilis’® and the species of the 
Anopheles maculipennis group". Undoubtedly many 
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further examples exist and will be uncovered during 
the course of intensive biological investigations which 
are now being carried out in many insect groups. 
Recently, Claridge and Askew™ have described a 
group of siblings in the genus Hurytoma (Hym., 
Chalcidoidea). H. rosae Nees and EZ. brunniventris 
Ratz. are inseparable on the adult characters which 
I have been able to study, but they differ in charac- 
ters of the egg and in details of hosts and life-histories. 
Also in the family Eurytomidae, Neunzig and 
Gyrisco'® have recently shown that Bruchophagus 
platpyterus (Walk.) (= gibbus Boh.) is an aggregate 
of at least three species with definite host plant 
preferences. There is also evidence of the widespread 
occurrence of sibling species in other groups of Chal- 
cidoidea. 

The desire to retain the species as a static morpho- 
logical entity with little reference to biological 
reality must be overcome if taxonomy is to make 
further contributions to biological science. It may 
be, as suggested by Gilmour’, that the problems in 
botanical taxonomy are so great that a completely 
new system of categories is required. However, this 
would be a very unfortunate change since it would 
obscure the similarities between the real biological 
entities of both zoological and botanical taxonomy. 

I thank Dr. A. J. Cain for discussion on the 
subject-matter of this article. 
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SOME OXIDATIVE AND HYDROXYLATIVE ACTIONS OF QUARTZ: 
THEIR POSSIBLE RELATIONSHIP TO THE DEVELOPMENT 
OF SILICOSIS 


By L. W. MARASAS and Dr. J. 5. HAR'NGTON 


Pneumoconiosis Research Unit, South African Council for Scientific and Industrial Research, 
P.O. Box 1038, Johannesburg 


HE existence of a special surface activity pos- 

sessed by siliceous dusts and silicates has been 
frequently reported in the literature. Hauser’ 
indicated that the formation of a free silica surface 
was accompanied by the liberation of protons and the 
formation of atomic oxygen, and found a correlation 
between particle size and amount of oxygen released. 
Im essence, he postulated that the unusual oxidation 
potential of silica resulted from the decomposition of 
some superoxide ions to yield atomic oxygen. Weyl* 
considered a type of dynamic hydration—dehydration 
equilibrium which would account for the fact that 


siliceous materials were able to act as oxidation 
catalysts in the presence of air. 

Our interest was given stimulus when we found 
that quartz dust could be employed successfully as 
an oxidant in a number of in vitro oxidation reactions, 
and we have since verified some of the postulates set 
out above. 

Since the conversion of proline to hydroxyproline 
can be readily effected by hydrogen peroxide, we 
have been able to estimate quantitatively the oxida- 
tive activity of a number of dusts of known particle 
size as ‘peroxide equivalents’ per unit weight per 
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unit time for this conversion. The peroxide equivalent 
of a dust is obtained by comparing the amount of 
hydroxyproline (colorimetrically at 560 my) which 
can be produced by 1 gm. of dust shaken with 
5 mgm. of proline for 30 min., with that amount 
produced by 2-5 mgm. of hydrogen peroxide under 
the same conditions. Table 1 shows a list of dusts in 
decreasing order of activity ; in addition to the dusts 
listed, ‘Aerosil’ (250-500 A. ‘colloidal silica’) has since 
been shown qualitatively to hydroxylate proline. 

On the face value a correlation appears to exist 
between the ‘oxidative activity’ of the dusts and the 
known fibrogenetic potential of the materials exam- 
ined. Crocidolite, however, is an exception; there 
are a number of suggestions for its apparently 
anomalous behaviour and these are being investi- 
gated together with the behaviour of other silicates. 
A further connexion between particle size and 
activity also seems apparent in the case of coarse 
quartz and the other quartz dusts of a much smaller 
size. Whether there is any relationship between 
oxidation and surface area is at present being 
examined. 

It has been shown in the laboratory (Table 2) 
that quartz can bring about a number of oxidative 
and hydroxylative conversions, many of which have 
been previously demonstrated in biological systems. 

In «ll cases the products were identified by paper 
chromatography with specific detection reagents and 
by the’use of pure standards, and wherever possible 
the identity of the products was checked by colori- 
metric estimation, followed by examination of the 
absorption spectra obtained. 

Particularly interesting conversions which have 
been listed above are the hydroxylations of proline 
and lysine to yield small amounts of hydroxyproline 
and hydroxylysine, respectively, amino-acids found 
almost specifically in collagenous protein. In addition, 
glycine, dnother important amino-acid of collagen, 
has been shown to be produced by quartz. 

The maximum yield of hydroxyproline obtained 
with quartz under optimum conditions was 0-1 and 
0-16 per cent in the presence of vitamin C. In most 
cases the yield was improved by dry shaking instead 
of wet, and in the case of hydroxyproline, it was 
enhanced by the addition of certain co-factors, the 
most important of which was ascorbic acid; this 
increased the yield up to 60 per cent. The additional 
observation was made that ascorbic acid can feebly 
hydroxylate proline in vitro, and this raises the ques- 
tion whether quartz does not actually synergize the 
ascorbic acid hydroxylation of proline. 


Table 1, OXxtpaTive AcTiIviTy OF VARIOUS Dust SAMPLES IN TERMS 
OF THEIR ABILITY TO CONVERT PROLINE TO HYDROXYPROLINE 


Per cent size dis- | Peroxide equiv- 
Sample* tribution () alent (mgm.) 
pe quartz dust 87 <1 | 3-25 
Acid-washed quartz dust 92 <1 3-00 
Mine dust (Witwatersrand j 
gold mine) | 2-70 
Coarse quartz dust | 90 > 5 | 1-75 | 
Coal dust | 86 <1 j 1-00 
Crocidolite 86<1 nil 
Kaolin 92 <1 nil 
76 <1 | nil 


| Tale | 


* The materials used have the following characteristics: superfine 
quartz dust (0-03 mgm. iron/gm.)(Dowson and Dobson) ; acid-washed 
quartz (trace of iron present after washing with hydrochloric acid) ; 
mine dust (54 per cent silica) (Witwatersrand gold mine); coarse 
= dust (0-05 mgm.iron/gm.), pre by sedimentation ; coal 

ust: anthracite (6-6 per cent silica); crocidolite: blue asbestos 
(50 per cent silica, 40 -5 per cent ferrous oxide and ferric oxide); kaolin, 


and ignited, technical (J. T. Baker Chemical Co., Phillipsburg, 
N.J.); tale: hydrated magnesium silicate. — 
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Table 2, OXIDATIVE AND HYDROXYLATIVE CONVERSIONS PRODUCED 
BY QUARTZ AFTER VIGOROUS SHAKING WITH STARTING MATERIALS 


VoL. 188 


Other oxidan 
Materiai Product used for - 
confirmation 
dl-Proline Hydroxyproline*t | 
6-Alanine Glycinet H,O, + Fe salts | 
Lysine Hydroxylysinet H,O, + Fesalts | 
Phenylalanine Tyrosine* 
Ascorbic acid Dehydroscorbic acid* | Alumina 
naline renochrome O02; Fe(CN), | 
N-N dimethyl! ad 
p-phenylenediamine | Wiirster’s redt H,0, 
| p-Phenylenediamine | 
+ a-naphthol Indophenol purplet | H,O, 
| Caleium gluconate Arabinose*t Fenton’s reagent 
(H.0, + Fe salts) | 


* Dry shaking for 1 hr., then taken up in distilled water. 
+t Wet shaking throughout. 


Hydrogen peroxide gave a greater yield of hydroxy- 
proline compared with that given by quartz, and 
quartz added to a standard hydrogen peroxide- 
proline system gave the highest amount of hydroxy- 
proline obtained. It is clear from Tables 1 and 2 that 
parallels exist between hydrogen peroxide and quartz- 
sponsored oxidations, and this suggests that quartz 
is functioning in a peroxidative capacity in most of 
the cases investigated. Kalyankar et a’.* obtained 
similar conversions with peroxide in the presence of 
iron salts. 

In general, it seems evident that the eonversions 
sponsored by quartz are catalytic ones in the presence 
of air, and possibly of the type mentioned by Johnson 
et al.*, where reactions involving free radicals in vitro 
were shown to simulate certain enzymatic pro- 
cesses. 

It is not at the moment possible to relate these 
findings directly to the development of silicosis, and 
tentative suggestions only can be made. Quartz dust 
might give rise to peroxide in the tissues, or vitamin 
and hormonal activity might be interfered with at 
the site of deposition of dust. Furthermore, the 
possibility of the formation of toxic products from 
normal body constituents by the action of quartz 
should not be excluded: recent work (unpublished) 
in this laboratory by Marasas has shown that hist- 
amine and other imidazole derivatives are formed 
when histidine is allowed to react with quartz under 
simple laboratory conditions. In a different context, 
it has also been shown that measurable amounts of 
formaldehyde in some form or another can be readily 
detected in quartz and certain other dusts. 

Finally, there is the possibility that quartz might 
in some way be involved in the direct synthesis of 
collagen from hydroxylated or oxidized precursor 
amino-acids or peptides, which might then be 
adsorbed on to the quartz surface in a manner similar 
to the template model proposed for such materials 
by Seifert®. 

We wish to thank the director of this Unit, Dr. 
H. S. Gear, for facilities extended to us during this 
work, the sub-director, Dr. Ian Webster, for helpful 
discussions, and Miss M. J. Matthews for under- 
taking particle sizing and counting. 


8 a A., “Silicic Science” (van Nostrand Co., Inc., New Jersey, 
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LETTERS TO THE EDITORS 


ASTRONOMY 
Bode’s Law and the Solar System 


Ly a recent communication! a model was proposed 
for the formation of the solar system. It was sug- 
gested that tides produced on the Sun by a passing 
star caused portions of the solar material to break 
away at regular intervals of time, the intervals being 
governed by the natural frequency of oscillation of the 
disturbed Sun. 

The most outstanding feature of the solar system is 
Bode’s law, which relates mathematically the radii 
of the orbits of all the planets other than Neptune. 
In fact, the form of the law 

ra4+3 x =0,1...7) 

does not really include Mercury as a natural member. 
However, it is clear that the correct explanation of 
the origin of the solar system must include Bode’s 
law as one of its consequences. It will be shown 
that a model of the type already proposed, with some 
modifications suggested by computational experience, 
explains the radii of the planetary orbits with reason- 
able accuracy. 

The details of the process will be best understood 
by reference to Fig. 1. The Sun is considered to have 
been at rest (for illustrative purposes only—any 
mathematical analysis must take account of its 
motion about the centre of gravity of the system) and 
the star to have approached on an orbit which took 
it to within a distance, D, of the Sun. The solar 
tide grew as the star approached and rotated to face 
the oncoming star. Eventually, a point of instability 
was reached?, and the tip of the tide broke away and 
moved henceforth under the combined gravitational 
influence of the Sun and star. It has been confirmed 
by computation that the embryonic planet would be 
very little affected in its subsequent motion by the 
star, and its orbit around the Sun may be calculated 
from the height, R, and the angular velocity, o, 
of the tide at the time of its inception. This orbit, 
assumed elliptical, will have a major axis of length : 


GMR Rio?! 
“= 96M — R®a* and eccentricity e = | 2 — om 


where M is the mass of the Sun and @ the gravita- 
tional constant. 

After an interval, ¢, another planet was formed. 
The value of R would have been the same as before, 
but @ would have been greater due to the angular 
acceleration of the star. The point of release of the 
planet may be defined by the angle @ shown in Fig. 1 ; 
it is assumed that @ was the angular velocity of the 
star at the appropriate value of 6. In fact, @ would 
be somewhat less than this value due to an inertial 
lag of the tide which would be expected to build up 
gradually as the star accelerated towards the peri- 
helion of the orbit. Once this lag was sufficiently 
great, the process of detaching material from the Sun 
would have ceased. 

The eccentricity of the original orbits will have 
been reduced by the passage of the planet through the 


Star path 


Fig. 1 


material surrounding the Sun: tenuous though this 
may be, it has an appreciable effect over long periods 


of time. The planets for which have R 


as aphelion distance; with o> a/ cial then R is 
the perihelion distance. As a general rule, the eccen- 
tricity should be smaliest for the innermost planets. 
Mercury is a notable exception to this rule; another 
exception is Neptune, the orbit of which is aimost 
circular. This provides the clue to the value of 
R, because the orbit of Pluto, which is rather eccentric, 
actually intersects that of Neptune. This suggests 
that the orbit of Neptune was originally almost 
circular and that R was approximately equal to the 
radius of that orbit. 

Since the retarding medium has a density which 
falls off fairly sharply with increasing distance 
from the Sun, the characteristic of the orbit which 
should remain approximately constant is the peri- 
helion distance, a(1 — e), which depends on the 
value of w. For the two outermost planets, which 
have been under no appreciable restraint, the 
function a(1 + e) is that which corresponds to w. 
The values which ere being considered at present 
are: 
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Perihelion distance of 
Sun-star orbit D = 5-21 x 10" cm. 
Tidal radius R = 4:30 x 10" 
Mass of Sun R = 2-20 x 10 gm. (about 10 per cent 
queater than present) 
Mass of star R = 3-39 x 10" gm 


Period between 
planetary formation 


t = 2-13 x 10° sec. 

The star orbit is taken as parabolic. 

The agreement between theory and observation is 
shown in Table 1. 


Table 1 
a(l + e) 
Planet | ¢ (x 10* sec.) 6) Theoretical Observed 
(x 19" em.) (x 10" cm.) 

Mere’ ? ? ? 0-46 
0 96-4 1-09 1-68 
Earth 2-13 92-3 1-53 1-48 
Mars 4°26 87-5 2-12 2-05 
x 6°39 81°8 3:17 

Y 8-52 74-9 4°86 
Jupiter 10-65 66-5 7°85 7-40 
Saturn 12-78 56-1 13-42 13°43 
Uranus 14-91 43-2 24-35 27-33 
Neptune 17-04 27-5 45-00 45-30 | 

luto 19°17 9-3 | 72-90 73°80 


Tt will be seen that the agreement is generally good 
and that the following important features emerge : 
(i) Mercury does not fit into the system as, indeed, it 
does not fit properly into Bode’s law. In view of the 
large eccentricity of its orbit, it is very unlikely to 
have started in its. present course at the same time 
as the other planets. (ii) The model predicts two 
planets, X and Y in Table 1, between Mars and 
Jupiter. The asteroid belt may be explained as the 
debris of the collision of these planets. (iii) Neptune 
fits naturally into the planetary system and is not 
an odd member as Bode’s law would suggest. 

There have been substantial modifications of the 
model as originally put forward. In particular, the 
time-scale hes been greatly increased (by a factor 
of about 10°) and the origin of the asteroids is now 
explained as the results of a collision between two 
planets. However, the basic idea, that the planets 
were produced individually at regular intervals of 
time, has been preserved. 

The full implications of the model are still being 
investigated, and, in particular, departures of the star- 
orbit from parabolic are being tried. Thus far, the 
model accounts satisfactorily for all those features 
of the solar system which have been examined. 

The computations for this work were carried out 
on the University of Manchester Mercury computer, 
and I am indebted to the Electrical Engineering 
Department for the use of its facilities. 

M. M. Woo.rson 
Physics Department, 
College of Science and Technology, 
Manchester 1. 
* Woolfson, M. M., Nature, 187, 47 (1900). 


oe J. H., “Astronomy and Cosmology” (Camb. Univ. Press, 
9). 


Spheroidal Oscillations of the Moon 


Periops of natural vibration of three spherical 
gravitating models of the Moon have been calculated 
on an IBM 7090 electronic computer. The values 


provide basic information for lunar space-research 
concerned with the design of experiments to investi- 
gate the structure of the Moon. 
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Three completely solid models of the Moon have 
been treated, each with radius, R = 1,738 km., and 
mean density, ¢ = 3-33 gm./c.c. Model I is a homo. 
geneous sphere having throughout velocities for P 
and S waves of « = 8-2 km./sec., 8 = 4-7 km./see., 
respectively. Since only the differences between 
the principal moments of inertia of the Moon are 
known!, there is no direct evidence, at present, that 
it does not possess a core or have a concentration of 
mass towards the centre. Thus the following Roche 
laws of density distribution which fit the total mass 
were used to define the other models : 
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Model II p 


= 3-415 — 0-135z', = r/R 
Model III p= 8302" 


4-430 — 


The density distribution in Model II is close to that 
calculated by Jeffreys’, for the self-compression of a 
Moon composed of ultrabasic rock with a surface 
density near 3-28 gm./e.c. Model III has a rather 
extreme density distribution having a surface value 
of 2-60 gm./c.c., near that of granite. This model was 
constructed to indicate the effect on the free periods 
of an internal lunar structure which has an increase 
of heavy material with depth (or a heavy core). 
Variations of P and S velocities with depth have been 
calculated in both Models II and III from the follow- 
ing velocity—density relationships which were based 
mainly on the P and S velocity distributions of 
Jeffreys* for the Earth and the density values of 
Earth Model A, constructed by Bullen‘ : 


= 0:00 + 152 <P < 45 
(Linear velocity—density relations for longitudinal 
waves through considerable portions of the Earth’s 
interior have been noticed by Francis Birch and 
J. E. Nafe (personal communication).) 

The frequencies of the spheroidal oscillations were 
determined numerically from a sixth-order differen- 
tial equation formulated by Hoskins* and Alterman 
et al.*, For this type of vibration the displacement 
has, in general, both transverse and radial components 
which are affected by the gravitational attraction. 
Integration was by a fourth order Runge-Kutta 
method, through homogeneous shells of thickness 
100 km., using floating-point arithmetic and about 
eight decimal digits. Some solutions were also 
computed using a shell thickness of 50 km. and the 
agreement between corresponding frequencies was 
between 1 and 5 per cent. (For the present purpose it 
did not appear worth while to use additional machine 
time in order to improve the fit between calculations 
for a layered sphere and for a sphere with continuous 
properties by increasing the number of layers.) As 
a programme test, the period of oscillation of order 
2 for a homogeneous Earth (called by Alterman 
et al. (loc. cit.) Model 8) was computed, using shells 
100 km. thick. The present programme yielded a 
period of 44-37 min. compared with 44-3 min. given 
by Alterman et al. The calculated lunar periods 
are shown in Table 1. 

The case of the purely radial vibration (n = 0) of 
Model I allows a check on numerical accuracy. 
Pekeris and Jarosch’ show that for a homogeneous 
sphere : 

xRitan xR = (1 — x*R*x*/48*) 
and 
= (4n*/T? + 4A)/a? 
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Table 1. PERIODS OF FREE VIBRATIONS (MIN.) 


Models | 
Il 


| 


Nc. 4757 


= 


| 0 Fundamental 
} First higher mode 


|} 2 Fundamental 

First higher mode 

| Second higher mode 
| 3 Fundamental 

| 


| 


aula 


First higher mode 

+ Fundamental 

First higher mode 
6 Fundamental 

H First higher mode 


| 


where 7' is the vibration period, and surface gravity 
is AR. For Model I the highest solution of these 
equations is 7’ = 8-75 min., in close agreement with 
the corresponding value in Table I. 

Concentration of mass towards the centre causes 
a relatively large reduction in the fundamental 
periods for n < 6. It is probable that for n > 6 
the free periods of Models II and III again become 
markedly different (in the opposite sense) because 
motion would be largely confined to the surface 
region. The above results indicate that a measure of 
the deviation of the Moon from homogeneity is 
possible using observations of the long-period spec- 
trum of free vibrations. An investigation of Press 
et al.? has shown the capabilities of a single short- 
period seismometer in obtaining data on the deep 
interior of the Moon. This work suggests that, if the 
free vibrations are excited, an ultra-long period 
seismometer or tidal gravimeter designed to record 
periods up to 16 min. should provide more detailed 
information. 

Acknowledgments for IBM 7090 computing time 
are due to the National Aeronautics and Space 
Administration, Theoretical Division, and Inter- 
national Business Machines Corporation, Watson 
Scientific Computing Laboratory at Columbia Univer- 
sity. 


Bruce A. Bott* 


University of Sydney, 
Australia. 
* Present address: Lamont Geological Observatory, Columbia 
University, Palisades, New York. 
Kuiper, G. P., “‘Vistas in Astronautics’’, 273 (Pergamon Press, 1959). 
* Mon, Not. Roy. Astro. Soc. (Geophys. Supp.), 4, 62 (1937). ° 
* Mon, Not. Roy. Astro. Soc. (Geophys. Supp.), 4, 548 (1937). 
‘*“An Introduction to the Theory of Seismology”, 218 (Cambridge 
Univ, Press, 1953). 
* Trans, Amer. Math. Soc., 21, 1 (1920). 
* Alterman, Z., Jarosch, H., and Pekeris, C. L., Proc. Roy. Soc.. A, 
242, 80 (1959). 
* “Contributions in Geophysics”, 1, 177 (Pergamon Press, 1958). 
* Preas, F., Buwalda, P., and Neugebauer, M., J. Geophys. Res., 65, 
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PHYSICS 


Czsium-137 Fall-out over Norway since 
September 1956 


In an earlier communication!, we reported that 
concentrations of radioactivity in the lower strato- 
sphere over south-east Norway had apparently 
increased for a month or two after high-yield test 
explosions, and then decreased with an effective 
half-life of about one month, corresponding to a 
residence half-life of about three months. Concen- 
trations of radioactivity in the lower troposphere 
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Fig. 1. Fall-out over Norway since September 1956. Curve A, 
precipitation, mm./2 months ; curve B, cesium-137/m.* 2 months ; 
curve C, cxesium-137/l. preeipitation, averaged over periods of 
2 months; curve D, gross §A/l. precipitation, averaged over 
periods of 2 months; curve EZ, effective age of fall-out materials, 
months. The points are plotted at the end of the 2-month periods. 
Each point represents an average value of measurements from 
ten stations 


appeared to have increased for about six months, 
before decreasing at about the same rate as in the 
lower stratosphere. We suggested that deposition of 
fall-out materials from many explosions may have 
been fairly continuous, lasting months instead of 
years, and that during periods when explosions had 
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taken place rather frequently, there may have been 
considerable mixing of fall-out materials from 
different explosions. 

These conclusions wére based mainly upon measure- 
ments of gross §-activities. We have also investi- 
gated the problem by measuring concentrations of 
cxsium-137 in the same precipitation samples, using 
a y-spectrograph. The results are shown in Fig. 1 
as mean values for each period of two months between 
September 1956 and June 1960. Curve A shows the 
mean values of precipitation; curve B the mean 
values of cxsium-137 activity deposited per m.? ; 
curve C the mean values of cwsium-137 activity per 
litre of precipitation ; curve D the mean values of 
gross §-activity per litre of precipitation. 


Curves C and D are fairly alike with the main- 


differences appearing shortly after large injections of 
fall-out materials. 

Generally speaking, deposition of c#sium-137 
activity over Norway appears to have followed the 
same sort of pattern as the overall deposition of 
G-emitting isotopes. The rather rapid decrease of 
deposition during the last eight months or so of 
1959, following a pattern visible on previous occasions 
for shorter periods, has not continued into 1960. 
However, it is questionable whether the change is of 
great significance in the fall-out of materials injected 
into the lower stratosphere during the latter part of 
1958. 

From information communicated by Dr. E. A. 
Martell, materials from high-yield, high-altitude 
injections during 1958 may not have reached the 
lower stratosphere in significant concentrations before 
about the beginning of 1960. Another factor which 
must be borne in mind in considering the 1960 
values shown in curves C and D is that although the 
values are shown as activities per litre of precipita- 
tion, deposition without precipitation is also included. 
In relatively dry periods the activity of surface air 
tends to increase, with a resulting increase in the rate 
of dry deposition and in activity per litre of precipita- 
tion. Certain variations in activity per litre of 
precipitation (curve C) may therefore be partly due 
to the seasonal variations in the amount of precipita- 
tion (curve A). 

By comparing cx#sium-137 activities with gross 
activities, it is possible to obtain some idea of the 
effective ages of deposited materials. The accuracy 
is limited because of the difficulties of calibrating 
f-counting equipment when measuring bomb debris 
of different ages and origins, and also because of 
uncertainties about the yields of ce#sium-137 relative 
to other radionuclides, and uncertainties about 
possible fractionation effects. Nevertheless, as shown 
in curve E, there is reasonably good evidence from 
cxsium-137/gross f-activity ratios for the general 
conclusion that fall-out materials from many high- 
yiold test series have reached the lower troposphere 
within a few months and been deposited rather 
rapidly. 

The preponderance of materials from particular 
insertions during different periods is well illustrated. 
From about the end of 1959, however, there appears 
to have been considerable mixing. 

In conclusion we would like to suggest again that 
a large part of the fall-out from many test explosions 
has been rather continuous over months instead of 


years. 
There has been no outstanding seasonal variation 
in the rate of fall-out which cannot be related to the 


December 31, 1960 


‘seasonal variation’ in test explosions and seasonal 
variation in the amount of precipitation. 
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New Delayed-Neutron Precursors 


Wir the exception of a few cases (lithium-9, 
nitrogen-17 and thallium-210) all delayed neutron 
precursors so far identified' have been found among 
nuclides with two or more neutrons in excess of the 
major closed shells (50 and 82). The theory of 
delayed neutron emission probabilities given by 
Pappas? and the subsequent general systematics of 
delayed neutron precursors developed by Pappas and 
Rudstam* predict, however, that delayed neutron 
emission should be much more common among 
neutron-rich nuclides than had been anticipated 
earlier. Delayed neutron precursors are now expected 
to appear from the lightest to the heaviest nuclides on 
the neutron-rich side of the §-stability line. The 
distance from it in Z should be from about 3 to about 
7 charge units, depending on the neutron number". 
A search was therefore made experimentally for some 
of these precursors. 

Because of the complex mixture of delayed neutron 
activities already found in fission’, an approach via 
fission would not be easy. Chemical separations 
should also be avoided because of the short haif-lives 
expected. A feasible way of studying the prospective 
delayed neutron precursors would, however, be by 
the way of spallation reactions. These give products 
in highest yields near the target nuclide, whereas 
yields of distant products depend mainly on the 
irradiation energy. Therefore, by choosing suitable 
target elements and bombarding energies, it should 
be possible to detect and probably also to localize 
eventual delayed neutron precursors. 

The short half-lives and the low neutron yield (the 
latter caused by the rather small branching ratio to 
the neutron-emitting state of the delayed neutron 
emitter) necessitate that the measurements start 
immediately after irradiation. This requirement was 
fulfilled by placing the neutron detector at a small 
radial distance from the irradiated target in the 
vacuum chamber of the synchro-cyclotron. 

The neutrons emitted were thermalized by a layer 
of paraffin between the target and the neutron- 
sensitive scintillator properly shielded from stray 
radiation. The light pulses were fed through a 
light-guide to a photo-multiplier outside the fringing 
field of the magnet. The pulses were amplified and 
fed to a fast scaler provided with a printer. The 
counting started immediately after the end of 
irradiation. 

A possible source of error in such measurements 
could be introduced by counting y-rays from spalla- 
tion products. The sensitivity of the detector for 
y-rays is many orders of magnitude lower than for 
neutrons, but the intensity of the y-rays involved is 
much larger than the intensity due to the neutrons. 
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Fig, 1. Influence of paraffin and cadmium shielding on the 

detecting efficiency of the neutron scintillator. Curves A and B 

were taken without, and with, cadmium, respectively. Curve 
C gives the difference between A and B 


Therefore, to make certain that only neutrons were 
counted, experiments were carried out using various 
amounts of paraffin under otherwise identical irradia- 
tion conditions. A typical curve obtained for a 
copper target (15 mm. ‘radial thickness’) is shown in 
Fig. 1 (eurve A). In this figure the corresponding 
curve obtained with 2 mm. of cadmium between the 
paraffin and the scintillator (curve B) is also shown. 
Even if Fig. 1 shows that the 
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activity was about five times larger than for copper 
under the conditions used. 

Preliminary runs with neodymium (Fig. 2) disclosed 
activities with half-lives of about 20 sec. and 6 sec. 
These should presumably be due to the known! 
delayed-neutron prevursors, 24-3-sec. iodine-137 and 
6-3-sec. iodine-138. 

It might be argued that the neutrons observed in 
these experiments are due to (7,n) reactions induced 
in the targets or surrounding material by y-rays from 
spallation products. The thresholds, however, for 
possible photo reactions are greater than 10 MeV.’. 
Such energies are unlikely to be present in radio- 
active decay of spallation products, except for 
those having extremely low yield (far from stability). 
Moreover, the (y,n) cross-sections involved are very 
small at these energies. Using very conservative 
estimates, about 1 of every 10‘ neutrons observed 
might be due to a photo neutron. Thus the activities 
found in copper are due to hitherto unknown delayed- 
neutron precursors. 

Since the target itself moderates and to some 
extent absorbs the emitted neutrons, depending on 
its thickness in the radial direction toward the 
detector, it was found that the 18-sec. activity was 
suppressed, and only the 8-sec. activity appeared, 
when using a thin copper target. The opposite 
occurred when placing a cadmium sheet between a 
thick copper target and the paraffin. This filtering 
is caused by difference in kinetie energy of the 
delayed neutrons involved. 

The new delayed-neutron precursors have not yet 
been identified by mass and charge, and the analysis 
of the decay curves might be more complex than 
assumed. Nevertheless, these findings give strong 
support to the validity of the delayed-neutron 
precursor systematics in the earlier papers*®,? and 


majority of the counts obtained 
with cadmium shielding are dua to 
neutrons (the detector is also 
sensitive to fast neutrons, although 
the sensitivity for thermal neutrons 
is about 20 times larger), it was 
found appropriate to take decay 
curves with and without cadmium 
under otherwise identical experi- 
mental conditions, and then analyse 
the difference curve. Thus any 
possible contribution from y-rays is 
completely eliminated. The opti- 
mum condition regarding the 
amount of paraffin was found by 
taking differences between curves 
A and B in Fig. 1. These are given 
in curve C as a function of the 
thickness of paraffin. 

In Fig. 2 analyses of decay 
curves obtained from irradiations 
of radially thick copper and neody- 
mium targets are given. Appar- 
ently the copper difference curve 3 
can be resolved into several com- 
ponents peeling-off analysis 


Neutron activity, arbitrary units 


Cu 


4 


discloses two components with half- 50 100 +150 «= 200 50 100 150 200 

lives about 18 sec. and 8 sec., and in Decay time (sec.) 

addition a third short-lived — Fig. 2. Delayed-neutron decay curves. Curves 1 and 2 were obtained without, 
The curve obtained by irradia- and with, cadmium, respectively. Curve 3 is the difference curve. Curves are 


tion of uranium was too complex to 
be analysed, but the total neutron 


shown for a thick copper target + 3-9 cm. paraffin and for a thick neodymium 
target + 3-9 em. paraffin. (The difference curves are lower by a factor of 10 


on the scale of the graph) 
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to the hypothesis of the existence of many delayed- 
neutron precursors’. These experiments are therefore 
being extended to other elements of the Periodic 
System. 

A detailed description of the apparatus used will 
be published elsewhere, as well as additional results, 
including attempts to identify the delayed-neutron 
precursors by different approaches. 


G. Rupstam* 
A. SVANHEDEN 
A. C. Papprast 


The Gustaf Werners Institute for 
Nuclear Chemistry, 
Uppsala. 
* Permanent address: SC-Division CERN, Geneva, Switzerland. 
Permanent address: Department of Chemistry, University of 


Oslo, Blindern, Norway. 
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Natural Occurrence of Samarium-1!46 


SAMARIUM-146 was discovered in 1953 by Seaborg 
and Dunlavey, who produced the nuclide by an 
intense bombardment of neodymium with «-par- 
ticles'. They reported that it emitted a-particles of 
2-55-MeV. energy and decayed with an «-half-life of 
approximately 5 x 107 years. 

Macfarlane and Kohman made a search for 
samarium-146 a-activity in natural samarium employ- 
ing a large internal-sample cylindrical ionization 
chamber*.*. They obtained a negative result and set 
an upper limit of 0-01 disintegration/gm./sec. for the 
specific activity in natural samarium. 

A report has recently been made by Vorob’ev, 
Komar, Korolev and Solgakin of an indication for the 
existence of samarium-146 «-particles in the natural 
samarium a-spectrum although the level observed 
was not considered by them to be statistically 
significant‘. They established an upper limit of 
0-03 disintegration/gm./sec. for the specific activity. 

The purpose of this work was to increase the 
sensitivity over previous measurements for the 
detection of a natural samarium-146 «-activity by 
counting a sample ‘enriched in samarium-146’. This 
sample was obtained from the mass 146 position of a 
calutron collection plate which had been used in the 
separation of macro amounts of samarium isotopes 
from natural samarium. 

The samarium oxide was deposited on a stainless- 
steel sheet and placed in an internal-sample cylin- 
drical ionization chamber similar in design to that 
used previously by me*. It measured 50 em. in 
length and 14 cm. in inside diameter, providing an 
uctive sample area of 2,000 cm.*. The collecting 
electrode was a 0-13-mm. stainless steel wire strung 
axially along the full length of the counter and 
operated near ground potential. A negative potential 
of 1,400 V. was applied to the sample backing. The 
counter was operated as a flow-counter at 1 atm. 
pressure with a gas mixture of 93 per cent argon and 
7 per cent methane. 

Electronic amplification was provided by a ‘ball 
and chain’ preamplifier and a ‘Miemar’ main amplifier 
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Fig. 1. a-Particle spectruin of ‘enriched samarium-146’ sample 


(designed and fabricated at the Lawrence Radiation 
Laboratory, Berkeley, California). The spectrum 
was recorded on a 100-channel pulse-height analyser 
(manufactured by Pacific Electro-Nuclear Corpora- 
tion, Culver City, California). 

An 89-mgm. sample (approximately 45 ugm./em.*) 
of the samarium oxide ‘enriched in samarium-146’ 
was counted for a period of 64 hr. The «-particle 
spectrum obtained is shown in Fig. 1. Only the 
samarium-147 peak was prominent; there was no 
significant indication of the presence of second peak 
in the vicinity of 2-5 MeV. 

It was estimated that a peak in the region between 
2-4 and 2-7 MeV. would have been recognized had 
one channel been 20 counts higher than the neigh- 
bouring channels for the 64-hr. period. From the 
spectra of natural samarium samples of similar 
thickness, it was found that the channel in which 
the main portion of the «-peak was contained 
accounted for 3 per cent of the total disintegration 
rate. From these data, a limit of 0-03 disintegra- 
tion/gm./sec. was established for the specific activity 
of samarium-146 in this sample. 

On comparison of the samarium-147_ specific 
activity in the ‘enriched samarium-146’ sample with 
that for naturally occurring samarium, it appeared 
that an enrichment of 1-7 was realized for samarium- 
147. Based on the mass analyses of other samples 
which had been mass-separated under the same 
conditions, an enrichment of 1-7 in an adjacent mass 
(samarium-147) would correspond to at least a 
factor-of-10 enrichment in the isotope of interest 
(samarium-146), provided it had been present initially 
in low isotopic abundance. 

In terms of the specific activity for an equivalent 
natural samarium sample, then, the limit would be 
smaller by a factor of 10 than for the ‘enriched 
samarium-146’ sample, or 0-003 disintegration/gm. / 
sec. 

Using the value of the half-life of 5 x 10’ years 
obtained by Seaborg and Dunlavey', an upper limit 


Table 1. SUMMARY a RESULTS ON THE SPECIFIC ACTIVITY OF 


AMARIUM-146 IN NATURE 
Investigator Specific activity 


(disintegration/gm./sec.) 
Vorob’ev et al. (ref. 4) < 0-03 


Macfarlane and Kohman (refs. 2 and 3) < 0-01 
This work 
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for the isotopic abundance of samarium-146 can be 
calculated from the results obtained here. An upper 
limit of 2 x 10-7 per cent for the isotopic abundance 
of samarium-146 in natural samarium was calculated. 
The best mass spectrometric limit, obtained by 
Collins, Rourke and White, is 8 x 10-5 per cent (ref. 5). 

Recently, the «-particle energy of samarium-146 
(produced by bombardment of neodymium with 
a-particles) was rechecked and found to agree exactly 
with the value Seaborg and Dunlavey originally 
reported (2-55 MeV.) (M. C. Michel and R. D. Macfar- 
lane, Lawrence Radiation Laboratory, unpublished 
results). From theoretical considerations based on 
this energy, an «-half-life in the neighbourhood of 
6 X 107 years is favoured. If this is the correct half- 
life, all primordial samarium-146 should now be 
neodymium- 142. 

The co-operation of the Oak Ridge National 
Laboratory in specially preparing the samarium 
sample is gratefully acknowledged. This research 
was supported by the U.S. Atomic Energy Com- 
mission. 
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Ronatp D. MacFrarRLANE 

Lawrence Radiation Laboratory, 

University of California, 
Berkeley, California. 

‘ Dunlavey, D. C., and Seaborg, G. T., Phys. Rer., 92, 206 (1953). 

* Macfarlane, R. D., ““Natural Alpha Kadioactivity in Medium-Heavy 
Elements” (thesis), Department of Chemistry, Carnegie Institute 
of Technology, N YO-7687 (May 1959 

‘ Macfarlane, R. D., and Kohman, T.P., “Natural Alpha Radioactivity 
in Medium-Heavy Elements” (in the press). 

* Vorob’ev, A. A., Komar, A. P., Korolev, V. A., and Slogakin, G. E., 
J. Exp. Theor. —_ (U.8.8.B.), 37, 546 (1959) ; Soviet Physics- 
JETP, 37, 386 (1960). 

° Collins, T. L., Rourke, F. M., and White, F. A., Phys. Rev., 105, 196 
(1957). 


Radiation-induced Defects in Lead Silicate 
Glass 


In attempts to explain the process of coloration of 
glass by y-radiation, it was suggested in a previous 
communication! that electrons are trapped in defects 
to form colour centres. Not only do these defects 
already exist in glass but they can also be created by 
exposure to radiation. If defects could not be so 
created, it would be expected that the concentration 
of colour centres, as measured by the optical density, 
would increase exponentially to a saturation value at 
a certain dose. In practice, it is found that the 
optical density increases exponentially with dose up 
to about 10*-5 rads, but thereafter the increase is 
linear. This effect is shown in Fig. 1, which is divided 
into two sections having different scales for dose, the 
first section illustrating the exponential portion and 
the second the linear portion of the curve. 
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Fig. 2. Increase in optical — on second irradiation. ——, 
first irradiation ; ---—, second irradiation after bleaching 


The linear portion is attributed to the creation of 
defects by the radiation. Thus the extrapolation of 
the straight line to zero dose gives an indication of 
the defects already present in the glass. The differ- 
ence between the extrapolated value at zero dose and 
the measured optical] density is proportional to the 
concentration of defects produced by the radiation. 

Exposure of irradiated glass to light at room 
temperature produces bleaching of the colour centres 
by excitation of the trapped electrons to such energy- 
levels as to enable them to escape from the defects 
and recombine with the positive holes. It might be 
expected that such treatment should release the 
trapped electrons but have little effect on the total 
number of defects. Hence such a bleached sample of 
glass should contain a greater concentration of defects 
or trapping centres than an unirradiated sample and, 
on further irradiation, should contain more colour 
centres than an originally unirradiated sample which 
is subjected to a first irradiation. 

To test this theory a sample of the lead silicate 
glass used in the experiments described previously 
was given a dose of 10° rads of y-radiation and its 
optical density was measured over the wave-length 
range 360-1,000 my at intervals of time during the 
week following the irradiation. The induced colora- 
tion was then bleached by exposure to light from a 
mercury lamp until the optical density of the glass 
was not significantly different from that measured 
before the irradiation. The sample was then given 
a further dose of 10° rads, and the optical absorption 
was again measured. 

Fig. 2 shows the variation in optical density with 
time for four wave-lengths after the first and second 
irradiations. It can be seen that the optical density 
of the sample after bleaching and re-irradiation is at 
all times greater than that obtained after the first 
irradiation. This result is in accord with the proposed 
theory. 

R. 8. BARKER 
D. A. RrcHarpson 
E. A. G. McConkry 
R. E. 
Research Laboratories, 
Pilkington Brothers, Ltd., 
St. Helens, 
Lancashire. 


1 Barker, R. 8., Richardson, D. A., McConkey, E. A. G., and Rimmer, 
R., Nature, 187, 135 (1960). 
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ENGINEERING 


Beneficial Effects of Reagents in Solution 
on Wet Crushing of Rock 


Earurer workers in this Department’? have 
reported that substantial increases in the crushing 
efficiency of a drop-weight mill (stamp mill) may be 
achieved by pretreatment of the ore in aqueous 
solutions of certain reagents. 

This work appears to have aroused interest, but, 
in the cases known to us, workers elsewhere have 
not been able to obtain significantly beneficial 
results**. In these latter investigations a ball mill 
was used, and it is of interest that the first exploratory 
work at Leeds was carried out with a ball mill; the 
results were not encouraging*. Possible reasons for 
this, and for the final choice of a drop-weight mill, 
have been discussed by Frangiskos* ; arguments are 
based on the work of Rehbinder‘. 

In view of these later findings it has been con- 
sidered necessary to repeat some of the experiments 
reported by Frangiskos and Smith! with the drop- 
weight mill. The results are given in Table 1. Except 
for the actual rock samples (limestone) used, the 
experimental conditions are the same as_ those 
employed by Frangiskos and Smith. The amount of 
crushing achieved is measured in terms of the surface 
area of the product, determined by a gas-permeability 
method. The percentage increase shown in Table 1 
is the extra amount of crushing achieved when the 
ore is pretreated in a solution instead of in distilled 
water. The beneficial effect with the particular 
samples of limestone used is even more pronounced 
than that observed by Frangiskos and Smith ; their 
best results represented approximately a 50 per cent 
increase. 


Table 1. Erreot oF REAGENTS IN SOLUTION ON THE SURFACF AREA 


OF CRUSHED ORE 
Sodium hydroxide Sodium carbonate 
Reagent Surface Percentage Surface Percentage 
(mgm./l.) area of increase area of increase 
roduct (pure water product (pure water 
(cm.*/gm.) basis (cm.*/gm.) baris) 
0 247° 1 — 
100 305 23-5 185 | 18-6 
150 367 48°6 
200 .| 346 40:1 273 75-0 
goo | 296 89:8 
261 5-7 320 105-0 
500 | 279 13-0 293 89-0 
600 | 301 219 244 56-4 
700 | 354 ! 43°3 | 21 38-2 
800 | 282 | 14-2 187 19-9 


Charge to mill: 15 gm. limestone (—2-05 mm. + 1-40 mm.). 
Conditioning time in solution, 10 min. Weight of crushing head, 
2,026-4 gm. Height of fall, 13-6 mm. Blows per min., 120. Total 
number of blows, 600. 


* [Initial surface area approximately 1-5 cm.*/gm. 


It is suggested that the reason for the success of 
the drop-weight method of crushing in contrast to 
the ball mill is basically as proposed by Frangiskos 
and Rehbinder. The essential feature of the hypothe- 
sis is that embryo microcracks produced by stress 
on the solid are made permanent points of weakness 
by adsorption in them of ions or molecules from 
solution ; it is assumed that the relative adsorption 
of water molecules is so small as to permit resealing 
of the microcracks. A drop-weight mill is likely to 


be more effective than a ball mill in producing micro- 
cracks, 
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Furthermore, the choice of method for assessing 
the amount of crushing (fineness of product) is 
important. Most of the new surface area produced is 
contained in the extremely fine sizes*, and the eon- 
ventional sieve analysis gives no measure of this. 
Results which have been assessed in terms of a sieve 
analysis might therefore indicate no _ beneficial 
effect of reagents in solution. The work in this 
Department was terminated in 1956 after three years 
work due to lack of financial support. Finance has 
now been made available for the project for one more 
year, but it seems to us a pity that further develop- 
ment work on the process may have to be carried cut 
elsewhere. 


S. K. Guosx 
C. C. Harris 
A. Jowrrr 
Department of Mining, 
University of Leeds. 


* Frangiskos, A. Z., and Smith, H. G., Trans. Internat. Mineral Dressing 
ro Stockholm, 1957, 67 (Almqvist and Wiksell, Stockholm, 

* Frangiskos, A. Z., Ph.D. thesis, Department of Mining, University 
of Leeds (1956). 

* Fagerberg, B., and Ornstein, H., Internat. Mineral Processing Cong.. 

nst. Mining and Met., London (1960). 

* Warren Spring Laboratories, Stevenage (private communication). 

* Rehbinder, P. A., Schreiner, L. A., and Zhigach, K. F., “‘Hardnes: 
Reducers in Drilling” (Acad. Sci., U.S.S.R.) (in Russian). Trans- 
lation, Council for Sci. and Indust. Res., Melbourne (1948). 

* Harris, C. C., and Smith, H. G., Second Symp. Coal Preparation, 211 
(University of Leeds, 1957). 


Hydrogen Diffusion in Water-accelerated 
Rolling Surface Fatigue 

Tue pitting failure of rolling bearings is now gener- 
ally regarded as a surface fatigue phenomenon, and 
recent work! has shown that the presence of water 
in mineral oil lubricants can accelerate the failure of 
ball-bearings manufactured from conventional £.N.31 
steel. A possible mechanism for this phenomenon 
has been suggested by Grunberg and Scott?. The 
hypothesis is that vacancy-induced diffusion of 
hydrogen into the highly stressed surface material 
produces ‘hydrogen embrittlement’. To test this 
theory, four-ball rolling tests'* were carried out with 
a lubricating oil containing 6 per cent tritiated water 
of high activity (5 ¢./ml.). The rolling four-ball test 
produces a track on the driving ball in which pits 
are normally formed. The three driven balls are 
stressed to a lesser extent and usually do not show 
evidence of surface fatigue. Balls from tests using 
tritiated water were washed with acetone and 
partially immersed in a liquid scintillator (0-3 per 
cent 2,5-diphenyloxazole + 0-01 per cent 1,4[2-(5- 
phenyloxazoly])}-benzene in toluene) and the activity 
counted using a (refrigerated) ECKO N612 unit. 
When the part of driving balls carrying the fatigued 
track was immersed in the liquid scintillator, count- 
ing-rates of between 1,000 and 2,000 counts/sec. were 
recorded. The unfatigued part of driving balls gave 
only counts of about 40 counts/sec. against the back- 
ground count of 30 counts/sec. The activity in the 
fatigued tracks decreased with time and tended 
towards the background-level after about five 
days. 

The preliminary experiments described provide 
support for the hypothesis that, in the presence of 
water, hydrogen penetrates into the material subject 
to surface fatigue. The decrease in activity with time 
can be ascribed to escape of tritium from the material. 
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The phenomenon is now being investigated in greater The results are shown in Fig. 1. They were re- 


detail. 
L. GRUNBERG 
D. T. JAMrEson 
D. Scorr 


Lubrication and Wear Division, 
National Engineering Laboratory, 
East Kilbride. 
R. A, Lioyp 
Department of Scientific 
and Industrial Research, 
Isotope Applications Unit, 
Wantage. 

1 Grunberg, L., and Scott, D., J. Inst. Petrol., 44, 419, 406 (1958). 
? Grunberg, L., amd Scott, D., J. Inst, Petrol., 46, 440, 259 (1960). 


METALLURGY 


Fatty Acids and Adhesion of Electrodeposited 
Metals 


THE deleterious effect of grease on the substrate 
on the adhesion of electrodeposited metals is well 
known, but quantitative data are sparse. A system- 
atic study of the influence of monolayers of adsorbed 
surface-active agents on the adhesion of electro- 
deposits is in progress in this laboratory, and this 
communication reports the initial results obtained 
from the fatty acid series. 

The adhesion was measured in the manner de- 
scribed by Williams and Hammond’, with the test- 
pieces made of copper. The ends of the specimens 
to be plated were polished to luz diamond powder, 
electropolished in 50 per cent phosphoric acid and 
treated to have a monolayer of the fatty acid under 
test®. The acids used were the even-numbered acids 
of the series CH,(CH,),COOH, where n = 4-16. The 
specimens with the monolayer were plated with 
nickel from a conventional Watts type solution at a 
pH of 4, temperature of 40° C., and a current density 
of 20 amp./sq. ft. until a deposit of at least 0-1 in. 
had been produced. After plating, the specimens 
were tested in a Denison tensile testing machine. 
To provide a reference point, a series of specimens 
was tested using the exact procedure outlined except 
that no fatty acid was used. 
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Fig. 1. Adhesion of electrodeposited nickel as a function of 
fatty acid chain-length 


producible for each acid, and when the experiment 
was repeated with caprylic acid (n = 6) the adhesion 
values were within a few hundred pounds per sq. in. 
of each other. The adhesion appears to be inde- 
pendent of the chain-length of the fatty acid when 
n is greater than 8 or 10; as » decreases below this 
value the adhesion progressively increases. This 
increase can be explained either by the increased 
desorption of the shorter-chain acids resulting in the 
nickel being discharged directly on the copper lattice, 
or by a decrease in the long-range forces between 
copper and nickel as the distance increases. It is 
impossible to distinguish between these alternatives 
at this stage, but it may be pertinent that there is 
no evidence of epitaxis. 
P. A. Brook 
Department of Metallurgy, 
The University, 
Nottingham. 
* Williams, C., and Hammond, R. A. F., Trans. Inst. Met. Fin., 31, 
124 (1954). 


* Bigelow, W. C., Pickett, D. L., and Zisman, W. A., J. Colloid Sci. 
1, 513 (1946). 


Fatigue Straining of Copper Whisker 


BRENNER! has shown that copper whiskers can be 
strained elastically to as much as 2-8 per cent in 
tension. I have found that similar whiskers remain 
elastic in cantilever bending at static strains up to 
4 per cent corresponding to a stress of 470 kgm./mm.~* 
in a whisker of < 110> orientation. 

When plastic deformation occurs it is by ‘kinking’, 
as has been described by previous workers* with other 
materials. The ‘kink’ formed is a bend of radius 
of curvature of the order of the thickness of the 
whisker ; it is produced suddenly, with release of the 
elastic strain in the rest of the whisker. It can be 
shown that this behaviour is to be expected from a 
cantilever bent by a ‘hard’ device, if it is of a material 
that has clearly defined upper and lower yield points 
and yield extension. These phenomena are very 
pronounced in copper whiskers*. 

I have performed experiments to see whether the 
behaviour of copper whiskers under repeated straining 
differs from that under static conditions. The experi- 
ments were performed in cantilever bending with the 
whisker encased in diphenyl carbazide glass‘ and 
deflected by a ‘hard’ probe. The whiskers were grown 
by hydrogen reduction of cuprous iodide’. 

Since the static strain at which kinking occurs 
varies very much from one whisker to the next, it 
was not possible to test whiskers in cyclic loading at a 
known fraction of the static kinking strain. Instead, 
whiskers that were less than about 3u thick, straight 
and optically smooth, were selected and were then 
tested as follows. 

A whisker was bent to a strain, S (< 1 per cent), 
which it was thought very likely to be able to sustain 
elastically. The bending-probe was then removed, 
and the whisker examined for permanent bending. 
If there were none, the probe was then made to vibrate 
so that the maximum strain in the whisker fluctuated 
between 0 and S at 900 c./s., the test being observed 
stroboscopically. After 10° cycles of vibration the 
probe was stopped and removed. If no permanent 
deformation had taken place, a static strain of 
(S + AS) (AS = 0-3 per cent) was applied, and the 
whole procedure repeated, the vibrations being this 
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time with maximum strain fluctuating between 0 and 
(S + AS). This procedure was repeated with 
successive increments of strain. Thus the whisker 
was subjected, at each value of strain amplitude, to 
one slow (quasistatic) cycle of strain, followed, if 
nothing had happened, by 10° fast cycles. 

I found that whiskers were generally capable of 
surviving such tests apparently unaffected to strains 
of the order of 3 per cent, with 10° strain cycles at 
each value of strain amplitude. Then, during the 
next period of oscillatory straining, at a slightly 
higher strain, the whisker would suddenly kink, 
after it had already been subjected to a large number 
of cycles at this high strain. The kinking would be 
instantaneous, so far as could be judged by eye; 
that is, it must have happened in less than 100 cycles. 
The vibrator would reach maximum amplitude in at 
most a few hundred cycles, and kinking was observed 
less than a few thousand cycles after the increment 
of strain was made. Several times the kinking 
occurred after more than 10° cycles. 

The strains at which whiskers kinked dynamically 
were not very reproducible, just as the static kinking 
strains show a large scatter’. It sometimes proved 
possible to re-e:abed a whisker that had kinked 
dynamically in such a way that the undeformed part 
of the whisker could be re-tested. The strain at which 
dynamic kinking occurred was then of the same order 
as in the first experiment. For example, a whisker 
that had kinked after being strained from 0 to 1-9 
per cent for 10° cycles was re-embedded ; it after- 
wards withstood 10° cycles at 0-1-1 per cent and 
10° cycles at 0-1-7 per cent strain and it kinked 
after 10* cycles at 0-2-3 per cent strain. 

If the vibrator was stopped immediately after the 
whisker kinked, then the whisker looked just as if it 
had kinked statically. The kink was a plastic hinge, 
but its appreciable strengih often made it possible to 
continue elastic vibrations with much-reduced ampli- 
tude (perhaps 0-3 per cent elastic strain). When this 
was done, the whisker usually fractured in the kink 
after a few thousand cycles. As a corollary, if the 
vibrator were not stopped when the whisker kinked, 
fracture occurred a few thousand cycles after kinking. 
Fracture was never observed in oscillatory loading of 
this type unless kinking had occurred first. 

If the whisker was fixed both at the root and to the 
vibrator (instead of merely being pushed by the latter) 
and vibrated so that the strain oscillated symmetri- 
cally about zero, then fracture did occur. But in 
this case kinking was not easily detectable, and, if it 
had taken place, the plastic kink would have been 
subjected to large cyclic strains, se that it would have 
failed very quickly, perhaps too quickly to see the 
kinking. Therefore this test does not provide 
adequate evidence of the existence of fatigue fracture 
in elastic whiskers. 

Whiskers were also statically strained for periods 
long compared with the times of the oscillatory experi- 
ments. Kinking was never observed unless it hap- 
pened immediately the strain was applied. This 
shows that the delayed kinking is due to the oscillatory 
loading and not to the passage of time. 

Both statically and dynamically kinking occurs 
near the root of the whisker, where it is embedded in 
diphenyl carbazide glass and where the bending 
moment, and hence the elastic strain before kinking, 
are greatest. But the kink very often starts, not at 
the point of entry of the whisker into the glass, but at 
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distances up to ten times the thickness of the whisker 
away from that point, towards the free end. There- 
fore, the failure of the whisker is not determined by 
stress concentration or corrosion at the point of entry 
into the glass: the concentration is probably small, 
owing to the low elastic modulus of the glass compared 
with that of the copper, and to the wetting-fillet, 
the radius of which is of order }—} the whisker 
thickness. The failure is more probably precipitated 
by stress concentration at defects in the whisker*. 

There is much evidence* that in copper whiskers 
subject to large, static, elastic strain, no slip occurs 
below the yield point. We have shown that if they 
are subjected to large, repeated, elastic strain, fatigue 
fracture is not observed, even at strains of the order 
of 3 per cent. The sudden onset of plastic flow does 
occur; the reason for this is not understood, and 
is being investigated. As soon as the whisker has 
flowed plastically, it can fracture in fatigue, in the 
yielded region, at quite small, mainly elastic strains. 
This serves to confirm the belief, hitherto assumed 
without direct evidence, that slip is an essential 
process in fatigue failure. 

I wish to thank Mr. H. B. Holland, who has carried 
out these very delicate experiments. This communi- 
cation is published by permission of the Ministry 
of Power. 
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E. EIsner* 
Safety in Mines Research Establishment 
(Ministry of Power), 
Portobello Street, 
Sheffield, 1. 
em address : Bell Telephone Laboratories, Murray Hill, New 
rsey. 


* Brenner, S. 8., J. App. Phys., 27, 1484 (1956). 

* Herring, G., and Galt, J. K. Phys. Rev., 85, 1060 (1952). 

* Brenner, 8S. S., J. App. Phys., 28, 1023 (1957). 

* Eisner, R. L. Acta Met., 3, 414 (1955). 

* Brenner, S. S8., Acta Met., 4, 62 (1956). 

* Brenner, S. S., Proc. Intern. Conf. Crystal Growth, Cooperstown, 
New York, 1958, “Growth and Perfection of Crystals”, 157 
(Wiley, New York, 1958). 


RADIOCHEMISTRY 
Effect of ;-Radiation on Nisin 


THE antibiotic nisin is known to reduce the heat - 
resistance of spore-forming organisms, and considera- 
tion has been given to its use as an additive to lower 
the heat-process requirements of canned foods’. 
The radiation resistance of spore-formers might also 
be influenced by nisin, and the dose required for the 
sterilization of food lowered to a level where radiation- 
induced flavour and odour changes are not detectable. 

Experiments were first conducted to determine the 
effect of radiation on the antibiotic activity of nisin 
when it was suspended in a variety of media and at 
different pH values. Samples were made up in 
McCartney bottles in triplicate and irradiated with 
y-rays at a dose-rate of 1 x 10° rads/hr. using a 
10,000 c. cobalt-60 source. The temperature of the 
samples was maintained at 4° C. during irradiation 
and until assay, 30 hr. after their preparation. Nisin 
was assayed using both the resazurin? and plate 
methods’, the latter being modified to handle liquid 
samples. 

The result of irradiation with a dose of 2-7 megarads 
is shown in Table 1. At this dose-level nisin activity 
is completely destroyed irrespective of the nature of 
the suspending medium or of the pH in the short 
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Table 1 
y Nisin concentration (U./ml.) mean of triplicates 
| Media Before | After 30 hr. | Irradiated 
Theoretical | irradia- storage 2-7 mega- 
| tion (controls) rads 
Sterile skim milk 200 220 190 <4 
Sterile skim milk 2,000 1,900 1,750 <4 
Unprocessed soup 
pH 6-08 200 ~- 238 <4 
soup 
pu 5°8 200 _ 180 <4 
3°5 vhthalate 
buffer 200 175 170 <4 
ol 5-0 phthalate 
uffer 200 235 200 <4 
ail 6-0 phthalate 
uffer 200 200 205 <4 
in 
sterile distilled 
} water 2,000 2,250 2,250 <4 


range studied. No activity could be detected even 
when the initial concentration of nisin was increased 
from 200 to 2,000 v./ml. as shown in skim milk and 
distilled water. No significant loss of unirradiated 
nisin occurred during the 30-hr. period of the experi- 
ments. The soup medium used was a meat and 
vegetable broth chosen to demonstrate any possible 
protective effect which might be exerted by food 
constituents. 

Sterile skim milk with an initial concentration of 
200 u./m!. of nisin was chosen as suspending medium 
to study a range of radiation dose-levels. The experi- 
ment was run in triplicate and results are shown in 
Table 2. At the lower levels about 17 per cent of 
activity is lost, there *: a merked drop at 0-5 megarad 
when 80 per cent is lost and a complete loss occurs at 
1-5 megarads and above. 


Table 2 


Nisin concentration (U./ml.) 

| Do mean of triplicates 
| (megarad) 
| Resazurin method Plate method 
| (control) 183 182 
0-13 | 153 152 
| 0-25 150 153 

0-5 | 37 24 | 
| 0-75 < 20 22 
1-0 < 60 14 

1°55 | < 60 <5 
| 2-0 | < 60 <5 

25 | < 20 <5 


| 
| 


| 


The evidence presented indicates that nisin added 
to foodstuffs prior to radiation processing wiil be 
rendered ineffective against becterial spores which 
survive the radiation treatment, especially in the 
sterilization dose-range of 1-3 megarads. There is a 
possibility, however, that nisin might be protected 
from radiation damage to some extent in the presence 
of spores, particularly if it acts by absorption on the 


spore coat. 
F. J. Ley 


Isotope Research Division, 
Atomic Energy Research Establishment, 
Wantage Research Laboratory, 
Wantage, Berks. 
R. H. 
Research Division, 
Aplin and Barrett, Ltd., 
Yeovil, Somerset. 


L. L., Sniff, E. E., and O’Brien, R. T., Food Technol.. 
* Friedmann, R., ae Epstein, C., J. Gen. Microbiol., 5, 830 (1951). 
* Moequot, G., and Lefebvre, E., J. App. Biol., 19, 322 (1956). 
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Electron Paramagnetic Resonance Studies of 
Stable Free Radicals in Lignins and Humic 
Acids 


ELECTRON paramagnetic resonance studies' of 
wood ; lignins ; tannins, and humic acids, such as are 
found in soils and coals, show an electron paramag- 
netic resonance line of 6 + 2 gauss width at g = 
2-003 + 0-002, indicating the presence of a free 
radical. I find that this free radical is stable over a 
period of years in air and is not present in protolignin 
in plant materials nor is it necessarily the result of 
simple ageing or rotting of wood. However, it is 
formed when protolignin in plants is polymerized 
into lignin by either acid or fungal attack. I also 
find that the 6 + 2 gauss electron paramagnetic 
resonance line is restricted to the fraction of humie 
material which is extractable with aqueous bases. 

Freudenberg? indicates that lignin polymerization 
results from dehydrogenation or oxidative removal 
of a phenolic hydrogen on coniferyl or sinapinic 
alcohol or by hydrolysis of a phenolic glycoside 
linkage. According to Freudenberg the polymeriza- 
tion is a free-radical process involving a semi-quinone 
radical intermediate. My electron paramagnetic 
resonance results indicate that free radicals are 
indeed present and that some free radicals persist 
in the lignin polymer where they are protected from 
their macro-environment. They survive within the 
lignin micelles through the process of coal formation 
and persist apparently for geological time (~ 10* 
years). 

Air-dried fresh wood samples (fine shavings) of 
oak, pine, eucalyptus, redwood, and spruce showed a 
very low free radical concentration of < 10" spins 
per gram (s./gm.). The carbon disulphide-soluble, 
absolute ethanol-soluble, and dioxane-soluble Soxhlet 
fractions (extracted in this order) and the corre- 
sponding residual wood fractions showed no electron 
paramagnetic resonance (< 10 s./gm.). Dioxane 
(catalysed by hydrochloric acid) lignin extracts 
showed strong electron paramagnetic resonance 
~10'*§ s./gm. at g = 2-00 even though the lignin 
precursors in the wood did not. <A similar high free- 
radical content was observed with a ‘Soxhlet’ water 
extraction that turned acid by formation of organic 
acids from the wood. Electron paramagnetic reson- 
ance was not evident in the unfractionated cellulose 
and pentosan fractions of wood. Freshly cut redwood 
ranging from sapwood to rotted heartwood (40 years 
old) showed no difference in a very weak electron 
paramagnetic resonance signal. Scots pine buried 
for 600 years in damp soil, and spruce buried for more 
than 450 years* likewise showed no, or barely detect- 
able, electron paramagnetic resonance. These same 
woods showed depletion of cellulose and pentosans, 
but no change of lignin concentration. On the other 
hand, fresh pine needles about to drop from a tree 
but already attacked by fungi, and plant debris which 
had collected in soil as peat showed strong electron 
paramagnetic resonance with both a line of 8 gauss 
and a broad line of 1,000—1,200 gauss both centred 
on g = 2-00 (Fig. la). The material showing the 
sharper electron paramagnetic resonance line is 
extractable with an aqueous base (Fig. 1b) and behaves 
as the polyelectrolyte humic acid while the broad line 
(Fig. lc) characterizes the non-extractable residue. 
Tannin extract (quebracho) showed the same 6-gauss 
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Fig. 1. Electron paramagnetic resonance of free radicals in post- 

Pleistocene peat “ry Point Barrow, Alaska (grass-sedge—moss 

flora). a, Fresh peat ; 6, N sodium hydroxide extract, sash, poociptioned 

with hydrochloric AL washed and air dried; c, peat residue 
after extraction 


electron paramagnetic resonance line shown by humic 
acids. 

These results suggest that lignin does not normally 
occur in iiving plants. Rather it is the polymerization 
product of those compounds capable of forming or 
reacting with semiquinone free-radicals formed during 
dehydrogenative or hydrolytic degradation of plant 
tissue. These polymers with their trapped free 
radicals in turn survive the geochemical processes of 
humification and coalification without loss of their free 
radicals, This suggests that post-depositional chemical 
modifications do not destroy the aromatic semi- 
quinoid properties of these compounds. 

It should be remembered that not only aromatic 
—OH groups but also aromatic —NH, ‘* and aromatic 
—SH * groups can be dehydrogenated to yield semi- 
quinone-type radicals. For this reason a wide range 
of compounds can be expected to contribute to the 
formation of natural semiquinone polymers such as 
lignins, humic acids and tannins. 

The comments and assistance of my colleagues and 
the research assistants at this Laboratory have been 
both helpful and stimulating. Especial appreciation 
is due to Dr. R. R. Unterberger for providing the 
facilitios of his electron paramagnetic resonance 
spectrometer. 

R. W. Rex 

California Research Corporation, 

La Habra, California. 
the 1968 National Convention, Part 
* Freudenberg, K., 183, 1152 an 


* Varossicau, W , and B 
de Géol. du pF 


83 Congrés de Strat. et 


L., Schubert, M. P., and Granick, S., Amer, Chem 
, 61, 19 Welssman, 8.1L, T 

— Pake, G. 
8. L., ibid., 22, iiss 
ey J.M., Gardner, D. M., and Fraenkel, G. K., J. Amer. Chem 
4115 (1953). Wertz, J. E., and Vivo, J. J. Chem. Phys., 


Paul, D. E. 
Weissman, 


‘ownse 
Phys. 2i, 2227 (1983). 


NATURE 


December 31, 1960 


Surface Renewal and Molecular Diffusion 
in Interphase Mass Transfer 


In 1953 Lewis and Pratt' described violent spon. 
taneous movements of the liquid-liquid interface 
which they observed during measurements of inter- 
facial tension in the presence of mass transfer by the 
drop-weight method. These phenomena have since 
been investigated more fully*-*. It is now generally 
accepted that they are due to the formation of local 
gradients of interfacial tension caused by local 
variations of solute concentration at the interface as 
the result of mass transfer. 

It can be argued that such spontaneous ‘interfacial 
eruptions’ would cause considerable portions of the 
interface to be replaced by fresh liquid from the 
interior and thus result in an increase of the rate of 
surface renewal. This could mean that for solutes of 
different interfacial properties the rates of mass 
transfer may be different even under conditions of 
equal flow parameters of the bulk phases and equal 
molecular diffusivities. No conclusions can thus be 
drawn from such experiments about the effects of 
molecular diffusivity on the transfer process. If, 
however, the transfer of two solutes takes place 
simultaneously, that is, under identical interfacial as 
well as hydrodynamic conditions, some conclusions 
could be arrived at. In order to test this possibility, 
experiments were conducted on the separate and 
simultaneous transfer of propionic acid and phenol 
between carbon tetrachloride and water, using 
vertical and horizontal laminar co-current liquid- 
liquid contactors with moving interface. 

From the theory of mass transfer with surface 
renewal® it can be shown that for the transfer of a 
solute A between two immiscible solvents 1 and 2 
the overall resistance to mass transfer, R4, can be 
expressed as : 


Ra = + m/VD3)/84 = UV (dasa) (1) 


where s is the fractional rate of surface renewal ; 
D,, D, the solute diffusivities in the two phases ; m 
the distribution coefficient ; and d an effective overall 
diffusivity. Thus, for the separate transfer of the 
two solutes A and B: 


VoL. 186 


and for simultaneous transfer, since s4 = 8p: 
= (3) 


The results obtained for separate transfer of phenol 
and propionic acid at equal Reynolds numbers could 
not be correlated by equation (3), thus indicating that 
for the two cases the rates of surface renewal were 
different. Observations on simultaneous transfer, 
involving transfer of phenol in either direction but of 
propionic acid from carbon tetrachloride to water 
only, covering a thirty-fold range of R and a four- 
fold range of m4/mgz, confirm that equation (3) holds 
within 95 per cent confidence limits of +5 per cent. 
In all the runs the existence of interfacial turbulence 
was confirmed by visual or schlieren observation. 
Thus it is highly probable that, under conditions of 
spontaneous interfacial turbulence, the rate of mass 
transfer depends to a large extent on the induced 
rate of interface renewal and is directly proportional 
to the square root of molecular diffusivity. Values 
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of fractional surface renewal up to 100 per sec. were 
found. 


No. 4757 


N. G. Maroupas 
H. SawistTowskt 


Department of Chemical Engineering, 
Imperial College of Science and 
Technology, 

London, 8.W.7. 


1 Lewis, J. B., and Pratt, H. R. C., Nature, 171, 1155 (1953). 


* Sigwart, K., and Nassenstein, H., Naturwiss., 42, 458 (1955) ; VDI-Z, 


98, 453 (1956). 


D. Nature, 176, 839 (1955); Proc. Roy. Soc., A, 248, 


Kroepelin, H 
304 (1957); Abh. Braunsch. Weiss. 135 (1957). 


‘Goltz, G. E., J. Imp. Coll. Chem. Eng. Soc., + 40 (1958). 
* Danckwerts, P. V., Indust, Eng. Chem., 48, 1460 (1951). 


Growth and Adhesion of Oxide in Furnace 
Deposits 

Durine the oxidation of steel there are formed on 
the surface a variety of needle or plate-like growths 
of oxide which, for convenience, hive been called 
‘oxicles’. The present investigation, supported by and 
in collaboration with the Thornton Research Centre 
of Shell Research, Ltd., began with the idea that these 
oxicles might entrap particles in burnt gases and thus 
act as the nucleation for the build-up of ash deposits. 
Accordingly a series of experiments have been under- 
taken in which specimens of 5 per cent chromium, 
0-5 per cent molybdenum steel sheet have been 
oxidized in an oil-burning rig and examined by 
reflexion electron microscopy. 

The results show, first, that whether or not oxicles 
are formed by pre-oxidation in air before the speci- 
mens are put into the oil-burning rig, the subsequent 
growth is similar. Secondly, there is a very large 
difference between the oxicle growth which occurs 
when the specimen is exposed to clean oil products 
and that obtained with oil containing a soluble 
metallic salt expected to give greater build-up of 
deposits. In the first case the growths are small, as 


., and Neumann, H. J., Natw aoe, 43, 347 (1956) ; 


NATURE i 1187 


shown in Fig. 1, whereas in the second case when oil 
containing a soluble metallic salt is used, large spiky 
oxicles occur of composition as yet unknown and 
these in turn do seem to collect very small particles of 
ash among their branches in accord with the original 
hypothesis (Fig. 2). Thus, although the oxicles trap 
some fine ash particles, this mechanism is not neces- 
sarily the dominant factor in the build-up of deposits. 

The mode of attachment of the fluffy material at 
the tops of some of the oxicles suggested an electrical 
effect. The oil-burning apparatus was therefore 
modified so that the specimen holder was insulated 
from the rest of the rig and could be raised to 
+3,000 V. with respect to it. Depending on the 
sign of the applied voltage, there was a marked 
difference in oxidation behaviour. In the tests with 
positive or zero potential, the scale was adherent, and 
the specimen developed a dull surface finish ; but in 
the tests where the charge was negative, the scale 
was non-adherent and the metal surface retained a 
bright appearance. The pick-up of fine ash material 
did not seem to be appreciably affected. Fig. 3 shows 
the flaking away of the oxicle growth after oxidation 
with —3,000 V. applied to the specimen. 

Work is proceeding to investigate these effects 
more fully. 

J. STEEL 
Fulmer Research Institute, 
Stoke Poges, 
Bucks. 


New Data for the Calcium Silicate, 
‘Phase Z’ 


‘THIS compound was first described by Roy'*, who 
considered it to be 9Ca0.6Si0,.H,O. Further work 
now shows that, while specimens prepared at rela- 
tively low temperatures and pressures may be 
hydrated, those prepared at sufficiently high tem- 
peratures and pressures are anhydrous, with the 
composition Ca,Si,0,. They also establish the approx- 
imate unit cell parameters. 


Fig. 1. Oxicle growth on 5 peremnt Geena, 0° 5 per cent molybdenum steel sheet after 15 min. at 600° C. in air plus 6 hr. at 600° C, 
in an oil-rig burning pure kerosene. (x 2,960) 


.2. Oxicle tty) on cent chromium, 0-5 per cent molybdenum steel sheet after 15 min. at 600° C. in air plus 6 hr. at 
ws C. in ite burning kerosene containing 1 per cent of a soluble metallic salt. (x 1,480) “ 


growth on 5 per cent chromium, 0-5 per cent molybdenum steel sheet after 30 min. at 600° C. in air followed by 6 hr. 


Oxicle 
by 600° C. in an oil-rig burning kerosene containing 1 per cent ef a soluble metallic salt. 
the specimen. 


A potential of — 3,000 V. was applied to 
(x 960) 
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A specimen prepared hydrothermally at 715° C. 
and 1,100 bars showed negligible loss of weight over 
the range 100-1,400°C. There was no change in 
X-ray powder pattern up to 954° C., but by 1,090° C. 
transformation to rankinite had occurred. Specimens 
prepared under these or similar conditions are there- 
fore anhydrous. ‘Phase Z’ can, however, also be 
obtained at temperatures at least as low as 200° C., 
and it seems unlikely that a product so obtained would 
be anhydrous. Preliminary results suggest that, as 
the ter) orature of preparation decreases, the phase 
becomer hydrated and that its calcium: silicon 
ratio rises. This can possibly be attributed to 
a hydrogarnet-like replacement of Si by 4H, which 
would cause the composition to trend towards 
6CaO0.38'0,.2H,0. So-called ‘dicalcium silicate 
hydrate (C)’*, and similar preparations, appear to 
be mixtures consisting principally of lime-rich ‘phase 
Z with smaller amounts of calcio-chondrodite 
(Ca,(SiO,),(OH),). 

The equilibrium P—T curve for the transformation 
of ‘phase Z’ into rankinite has been reported pre- 
viously*. Further work suggests that this curve 
represents a metastable equilibrium, as sufficiently 
long runs under conditions lying in the ‘phase Z’ 
field yield ‘phase Y’ (6CaO.3Si0,.H,O) and wollas- 
tonite or foshagite, with or without ‘phase Z’. The 
latter is therefore probably always metastable, at 
least at the higher temperatures at which it is formed. 
This, together with the supposedly variable com- 
position, may explain the difficulty of preparing large 
crystals: the compound disproportionates before 
these are able to grow. From a combination of 
selected area electron diffraction and X-ray powder 
photographs for several specimens, the unit cell 
was found to be orthorhombic or pseudo-ortho- 
rhombic, body-centred, with a 5-07, 6 11-3, ¢ 23 A. 
approx. ; the crystals are flaky with (001) cleavage. 
These parameters were confirmed by X-ray study 
of single crystals of afwillite (3CaO.2Si0,.3H,O) 
which had been first heated in air at 500°C. and 
afterwards treated hydrothermally at 200°C. under 
saturated steam pressure ; these crystals contained 
both ‘phase Z’ and tobermorite, both in strongly 
preferred orientation. The calculated density, 
assuming cell contents 8(Ca,Si,0,), is about 2-9 gm./ 
e.c. This agrees with the value of 2-99 gm./c.c. 
calculated from the mean refractive index of 1-652? 
by the method of Howison and Taylor‘. 

The unit cell of ‘phase Z’ is closely related to those 
of y-Ca,SiO, and calcio-chondrodite, the face with 
approximate parameters a 5-07, 6 11-3 A., y 90° being 
common to all three compounds. We have found 
that ‘phase Z’ forms particularly readily on hydro- 
thermal treatment of y-Ca,SiO,; this can perhaps 
be attributed to a structural resemblance. It is 
often difficult to distinguish ‘phase Z’ from calcio- 
chondrodite by selected area electron diffraction, as 
in both cases the crystals normally lie on the face 
mentioned above. Distinction can be made by the 
fact that the lattice of ‘phase Z’ is body-centred, 
while that of calcio-chondrodite is primitive, and 
also by the differing values of c. These differences 
are only detectable, however, if the Laue zones corre- 
sponding to different /-indices are well resolved ; for 
this purpose a tilting stage technique can be used’. 
If they are not well resolved, c cannot be determ- 
ined, and ‘phase Z’ shows an apparently primitive 
lattice indistinguishable from that of calcio-chon- 
drodite. 
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Further work is in progress, and a fuller account 
will be published later. 
D. M. Roy 
College of Mineral Industries, 
Pennsylvania State University, 
University Park, Pennsylvania. 
J. A. Garp 
A. W. Nicou 
H. F. W. Taytor 
Department of Chemistry, 
University of Aberdeen. 
* Roy, D. M., J. Amer. Ceram. Soc., 41, 293 (1958). 
* Roy, D. M., Amer. Mineralogist, 48, 1009 (1958). 
* Heller, L., and Taylor, H. F. W., “‘Crystallographic Data for the 
Calcium Silicates” (H.M.S.O., 1956). 
‘ Hovisen J. W., and Taylor, H. F. W., Mag. Concrete Res., 0, 13 
’ Gard, J. A., Brit. J. App. Phys., 7, 361 (1956). 


BIOCHEMISTRY 


Different Action of 2: 4-Dinitrophenol on 
the Oxidation of Exogenous and Endogenous 
Substrates by Baker’s Yeast 


Ir is recognized! that 2: 4-dinitrophenol (DNP) 
stimulates the total oxidation of glucose by baker’s 
yeast, which takes place mostly through the combined 
action of the Embden-—Meyerhof and the citric acid 
cycles*. Nevertheless, the oxidation of pyruvate, a 
compulsory intermediate of glucose degradation in 
yeast, is strongly inhibited by DNP in the same 
experimental conditions that stimulate glucose 
oxidation®. In order to elucidate this apparent 
contradiction our previous experiments have been 
extended using substrates labelled with carbon-14. 

Table 1 shows that with [3-'*C]pyruvate, DNP 
prevents incorporation of carbon-14 into the cells, 
the evolution of radioactive carbon dioxide and the 
oxygen uptake. On the other hand, with [6-'C}- 
glucose (or [1-'™C]glucose), which yields [3-'C}- 
pyruvate inside the cell, DNP stimulates the oxygen 
consumption and evolution of labelled carbon dioxide, 
and, accordingly, diminishes incorporation of carbon- 
14 into the cell constituents. It is noteworthy that 
in the presence of DNP, the total carbon-14 counted 
in carbon dioxide from [6-C]glucose is about that 
obtained from exogenous [3-!‘C]pyruvate (without 
DNP). 

Enhancement by DNP of glucose oxidation 
through the pentose pathway*, which does not 
involve pyruvate as an intermediate, can be ruled 
out because in experiments carried out separately 
the ratio of the specific activities of carbon dioxide 
formed after simultaneous oxidation of glucoses 
marked in the C-1 and C-6 respectively is not increased 
by DNP. Furthermore, paper chromatograms and 
radioautograms of the methanol—water extracts from 
the yeast cells after oxidation of [3-“C]pyruvate or 
[6-"C]glucose show, qualitatively, the same distribu- 
tion of carbon-14 in the citric acid-cycle and related 
substances. From this evidence, it may be concluded 
that the action of DNP on exogenous pyruvate 
consumption is not due to inhibition of the mechanism 
of pyruvate oxidation (the citric acid-cycle) but 
rather to diminished accessibility of pyruvate to the 
cell compartment where the oxidation takes place. 
Similar results are found with [1,4-'C]succinate and 
[**C]glutamate (Table 1) and also with [1,4-'C}- 
fumarate. 
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Table 1. Errgot or DNP on THE OXIDATION OF CARBON-14-LABELLED GLUCOSE, PYRUVATE, SUCCINATE AND GLUTAMATE BY Yeast 
| “C in the 
DNP yeast cells “OC in BaCO, 
Exp. | Substrate (mM) Q0, (counts/min.) 
| mgm. (x 10°) mgm. 
(x 10°) 
| A 3-“C]Pyruvate, 10 mM 18,270 60-9 11-40 
| A 3-"C]Pyruvate, 10 mM 0-05 8-4 740 03 0-30 
| A 6-“C}Glucose, 5 mM 52-5 24.870 32-9 9-10 
| A 6-*C]Glucose, 5 mM 0-05 80-2 10,960 59-2 9-30 
} A 3-“C]Pyruvate, 10 mM + glucose, 5 mM 67-2 5,520 12°8 2-20 
3-“C]} Pyruvate, 10 mM + glucose, 5 mM 0-05 | 1,520 13 0-20 
B 1,4-"C]Succinate, 20 mM 6-1 | 278 5-4 1-94 
B 1,4-**C]Succinate, 20 mM 0-05 10°4 | 45 3-0 0-73 
B 1,4-"C]Succinate, 20 mM + glucose, 5 mM 38-2 326 10-6 1:23 
B 1:4-“C]Succinate, 20 mM + glucose, 5 mM 0-05 | 332 91 5-7 0-45 
B uC Glutamate, 20 mM 40 | 160 0-5 0-18 
B | {*C]Glutamate, 20 mM 0-05 4°5 | 16 0-1 0-03 
B “C]Glutamate, 20 mM + glucose, 5 mM 36-1 1,500 | 30-3 | 2-10 
B | “Glutamate, 20 mM + glucose, 5 mM 0-05 40-8 250 | 68 0-60 
B Glucose, 5 mJ | 34-7 | -- 
B Glucose, 5 mM 0-05 42-9 | | 
B | None 005 | 100 ms — | 


Starved baker’ 's yeast (8-1 mgm., exp. A and 23 mgm., exp. B) suspended in 2-0 ml. 25 mM phthalate buffer | with additions as shown, 


5 wc. [3-"*C] pyruvate and [6-“C]glucose: 2-5 ye. [1,4- “C]succinate and 2 


0:15 ml. 5 N sodium hydroxide (carbonate free) in the central well of the 
A and 8 hr., , exp. RB) the carbon dioxide absorbed in the alkali was precipitated as barium carbonate, washed, ‘aierea, 


incubation (2 hr. exp. 
weighed and the r 


and ce’ —. were repeated and the yeast cells finally suspended in 5-10 ml. methanol for carbon-14 counting. 


before (ref. 


If non-radioactive glucose is added to the yeast 
cells in the presence of the substrates referred to and 
DNP, the later inhibitory action diminishes as shown 
by the comparatively higher incorporation of carbon- 
14 into the yeast cells and the total amount of 
carbon-14 in the carbon dioxide evolved (Table 1). 
Glucose effect is particularly noteworthy if it is taken 
into account that the carbon-14 from pyruvate 
becomes diluted with glucose carbon, which dilution 
is reflected by the relative diminution of specific 
activity of carbon-14 in the respiratory carbon 
dioxide. With the dicarboxylic acids and glutamate, 
the action of glucose is more striking because glucose 
increases absolute incorporation of carbon-14 into 
the yeast cells or in carbon dioxide, irrespective of the 
presence of DNP. 

Yeast cells are divided by membrane barriers into 
an outer region identical with the cell wall, and a 
central region where organic acids ;like pyruvic, 
succinic, fumaric, glutamic, glycine,: etc., do not 
enter or enter at a slow rate‘. The,central region 
includes the cytoplasm and mitochondria’ that 
catalyse the citric acid cycle oxidations’. On these 
grounds, the results quoted support the hypothesis 
that, as in other instances’, the transfer of substrates 
across the yeast membranes is an active, metabolic- 
ally controlled process. 

With ™“C-acetate as substrate, which oxidation is 
also inhibited by DNP®, similar results can be 
observed, namely, inhibition of the oxygen uptake, 
the incorporation of carbon-14 into the cell con- 
stituents and the evolution of labelled carbon dioxide ; 
the addition of glucose strongly decreases the effect 
of DNP. At variance with the other substrates 
studied, acetate diffuses freely into the yeast cell 
inner compartment‘, and its oxidation through the 
citric acid cycle in yeast requires as initial step 
activation with adenosine triphosphate’®, or in other 
words, is dependent on energy. The already estab- 
lished uncoupling action‘ of DNP on oxidative 
phosphorylation in yeast seems to be, therefore, the 
ultimate mechanism of the inhibition of substrate 
oxidation at the citric acid cycle-level. The effect 
of glucose can be easily understood because DNP 


lioactivity The yeast suspension was diluted with 5 ml. cold phthalate buffer and centrifuged at 1°. 


ue. [“*C)glutamate (1 we. “C = 1-19 10* counts/min.); final pu 


arburg flask; air in the gas space: temperature, 30°. After 


The dilution 
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does not inhibit phosphate esterification during 
glycolysis". 
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Mechanism of Activation and Reduction 
of a-Aminoadipic Acid by Yeast 
Enzyme 


PREVIOUSLY? we reported the reduction reaction 
of a-aminoadipic acid by a yeast enzyme(s) which 
will now be referred to tentatively as «-aminoadipic 
acid reductase. The reaction by which a-amino- 
adipic acid is converted to the corresponding 8-semi- 
aldehyde requires the participation of adenosine 
triphosphate, reduced triphosphopyridine nucleotide 
and Mg**t, and the enzyme is activated by glutathione. 
The present communication reports the formation of 
8-adenyl-«-aminoadipic acid by the «-aminoadipic 
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Table 1. REQUIREMENTS FOR THE PYROPHOSPHATE (PP)-ADENOSINE 
RIPHOSPHATE (ATP) EXCHANGE REACTION 


Complete system plus or minus c.p.s./yp Exchange 
of PPin ATP (per cent) 
Complete 103 76-7 
Minus a-aminoadipic acid 19 14:3 
glutathione 115 84-9 
Mg*+ 46 33-7 
» 106 
Mg**, Mn** 45 33-1 
- a-aminoadipic acid reductase 0 0 
Plus isocitric acid dehydrogenase* 102 76:6 
Minus inorganic labelled pyrophosphate, 
plus labelled orthophosphate 0 0 


* Purified isocitric acid dehydrogenase (0-5 mgm.). 

Complete system consisted of (in wmoles) 2 adenosine triphosphate, 
2 inorganic labelled pyrophosphate (2 x 10° ¢.p.m.) or **Pi(10* c.p.m.), 
6 pL-a-aminoadipic acid, 2 magnesium chloride, 0:5 glutathione, 
0-18 manganous chloride, 10 potassium fluoride, 10 barbital buffer 
pH 7-4 and 0-4 mgm. of a-aminoadipic acid reductase, in a total vol- 
ume of 1-0 ml. Incubation was for 10 min. at 37°. 


acid reductase, together with a possible mechanism 
of a-aminoadipic acid reduction reaction. 

The isolation of the enzyme and steps of the 
purification were identical with those of the previous 
communication! except that the enzyme was dialysed 
for 24 hr. against demineralized water and then for 
34 hr. at 0° against 0-1 M potassium chloride solution 
containing 0-01 ./ potassium bicarbonate. After 
dialysis the enzyme solution was centrifuged at 10‘g 
for 10 min. and the supernatant was saved. /socitric 
acid dehydrogenase was purified by the method of 
Kornberg and Pricer*. 

The «-aminoadipic acid-dependent exchange 
between labelled inorganic pyrophosphate and adeno- 
sine triphosphate catalysed by the enzyme was 
studied by Hoagland’s method’. The reaction was 
stopped with 6 per cent perchloric acid. Adenosine 
triphosphate was separated from the labelled pyro- 
phosphate and determined according to the method 
of Craine and Lipmann‘. 

Typical results are presented in Table 1. «-Amino- 
adipic acid reductase catalysed a rapid exchange of 
labelled inorganic pyrophosphate with the pyro- 
phosphate moiety of adenosine triphosphate. The 
exchange reaction was dependent on the presence 
of a-aminoadipic acid and Mg**. In contrast to the 
overall reduction reaction, no requirement for gluta- 
thione was observed, and monoiodoacetate also did 
not give any appreciable effect on the rate of the 
exchange reaction. This indicates that the reduction 
reaction of «-aminoadipic acid is separable into two 
coupled reactions. The exchange reaction occurred 
only with the intact pyrophosphate molecule without 
prior hydrolysis to orthophosphate. The exchange 
reaction was completely inhibited by versene and 
recovered by addition of Mg++. The reaction occurred 
over a broad pH range of about 6-8 and was optimal 
at about pH 7:4. Of twelve amino-acids tested 
including homoglutamine, lysine, glutamic acid and 
aspartic acid, «-aminoadipic acid only was active in 
this system. It should be emphasized that homo- 
glutamine, the §-carboxyl group of which is blocked 
in the form of acid amide, was lacking in activity. 

In the previous communication, we reported the 
formation and accumulation of a derivative of «- 
aminoadipic acid-5-semialdehyde in the «-amino- 
adipic acid reduction system. In the subsequent 
experiments, it was found that under ultra-violet 
light the paper chromatogram of the a-aminoadipic 
acid-3-semialdehyde derivative fraction showed one 
main spot (concomitant with other spots), the Rr (0 -08- 
0-12, with n-butanol-acetic acid—water ; 4-5 : 1 : 2 v/v) 
of which corresponds to that of the area occupied by 
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the colour reaction with p-dimethylaminobenzalde. 
hyde!, and both are superimposable. The other spots 
appearing on the chromatogram may be attributed 
to the deteriorated products of the primary reduction 
product of a-aminoadipic acid, since highly labile and 
deterioration properties of the reduction product 
might be expected. When the reduction reaction was 
carried out in the presence of potassium fluoride 
(10-? M), pyrophosphate was accumulated in the 
system. The reduction reaction was inhibited about 
50 per cent of control by 5 x 10-* M of adenosine-5’. 
phosphate, while pyrophosphate at higher concen- 
trations than adenosine-5’-phosphate was only slightly 
inhibitory to the system, and the latter, on the other 
hand, had little effect on the exchange reaction. 

These findings permit a tentative formulation of 
the process by which «-aminoadipic acid is reduced 
to its semialdehyde. First, «-aminoadipic acid reacts 
with adenosine triphosphate through the 8-carboxyl 
group splitting off pyrophosphate and forming 
possibly 38-adenyl-x-aminoadipic acid as an act- 
ivated a-aminoadipic acid. §-Adenyl-x-aminoadipic 
acid is then an obligatory participant in the 
reduction reaction, and the reactions can be written 
as follows : 
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(1) «-AAA + ATP——+5-adenyl-«-AAA + PP 


(2) a-AAA-AMP + TPNH.H*+—- 
x-AAA-H,-AMP + 'TPN* 


(3) «-AAA-H,-AMP + H,O——- 
a-AAA-3-semialdehyde + AMP 


These reactions would account for the strong 
inhibition of adenosine monophosphate to the 
reduction reaction of «-aminoadipic acid, as the result 
of adenosine monophosphate and 45-adenyl-x-amino- 
adipic acid competition for the enzyme at the reduc- 
tion step (reaction 2). The above reactions would 
also account both for the «-aminoadipic acid-depen- 
dent exchange between pyrophosphate and adenosine 
triphosphate, and for the accumulation of a derivative 
of a-aminoadipic acid-5-semialdehyde and pyrophos- 
phate in the reduction system of «-aminoadipie acid. 
The primary reduction product of «-aminoadipic acid 
appearing in the 6 N hydrochloric acid eluate might 
be an adenosine-5’-phosphate derivative of «-amino- 
adipie acid-3-semialdehyde (tentatively to be referred 
to as 4-adenyl-x-aminoadipic acid-5-semialdehyde), 
which might equilibrate with the dehydrated form. 

By assuming these structures, it is possible to 
account for the labile property of the primary reduc- 
tion product toward heat treatment, resulting in the 
formation of A!-piperidine-6-carboxylie acid!'. 

Details of this work will be published elsewhere. 

We are indebted to Dr. T. Yamazaki and Dr. N. 
Inoue for their helpful criticism and discussions. 


S. SAGISAKA 
K. SHimvura 


Laboratory of Biochemistry, 
Department of Agricultural Chemistry, 
Tohoku University, 

Sendai. 


' Sagisaka, S., and Shimura, K., Nature, 184, 1709 (1959). 

* Kornberg, A., and Pricer, jun., W. E., /. Biol. Cheim., 189, 123 (1951). 
* Hoagland, M. B., Biochim. Biophys. Acta, 16, 288 (1955). 

‘ Craine, R. K., and Lipmann, F., J. Biol. Chem., 201, 235 (1953). 
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Paper Chromatography and Paper 
Electrorheophoresis of Tuberculoproteins 


PaPER electrophoresis of proteins has on the whole 
proved to be a more satisfying means of separation 
than paper chromatography, owing to the physico- 
chemical properties of the proteins that make them 
rather unfit for the latter method!*. Nevertheless 
there do exist methods of paper chromatographic 
separation of, for example, enzymes, blood and serum 
proteins, mainly based on a kind of adsorption 
analysis, in addition to the more usual procedures of 
partition-, ion exchange- and adsorption-chromato- 
graphy on columns. 

Franklin et al.* claimed to have made separations 
of sera into a great number of fractions by means of 
two-dimensional paper chromatography. Conditions 
and results of these procedures provoked severe 
criticism. Though inclined to be sceptical I, too, 
agreed with E. and M. Lederer’ in their opinion on 
the possible value of these investigations and so 
undertook similar experiments. The method of two- 
dimensional chromatography with respectively 0-1 _M 
sucrose and 0-1 potassium sodium  tartrate®, 
applied to my bovine tuberculin purified protein de- 
rivative, and some of its fractions*, produced strange 
irregular patterns of no prac- 
tical value, though a certain Apex ; 
reproducibility was observed. 
For practical purposes I then 
proceeded in the following way : 
0-1 M sucrose in the first direc - 
tion and 0-041 M acetic acid + 5 
0-009 M sodium acetate in the = 
second. The pH of this last- 
named buffer, being 4, is the 
isoelectric precipitation point 
of the C fraction under certain 
defined conditions®. 

Fig. 1 shows that with my 
chromatography these condi- 
tions were rather well fulfilled. 

The corresponding prepara- 
tions from non-heated culture 
filtrates’ gave the same pic- 
tures; only the ratio 4+B/C 
was higher® as expected and demonstrated by 
quantitative colorimetric measurement of the eluates. 
The patterns are in their entirety reproducible, 
but not in detail. So, for example, the A+B 
spots vary in shape and show a division into two 
or more parts. I doubt if there can be attri- 
buted any meaning to this partition from the view- 
point of protein separation. How far we are dealing 
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A+B PPD 


1. Two-dimensional chromatography at 4° C. for about 3 hr. in each direction. 
In between, drying 
th a fan. Staining of the heat-dried Whatman No. | sheets 
warz 10B’ (Bayer). Dimensions of the sheets, 11 in. x 11 in. 


mgm./ml. 


Fig. 
Circular spots of 0-02 ml. protein solution of about 50 
in the , for example, 
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Cross-section through a ‘Perspex’ electrophoresis 


Fig. 2. 
apparatus of the Macheboeuf type 


PPD 


Fig. 3. Electrorheophoresis of 0-05 ml. protein samples (50 mgm./ml.), The curves were 
er 


obtained with a Zeiss scann 


with artefacts remains to be investigated. My 
method, based on a previously known chemical 
separation and therefore somewhat dissatisfying like 
others of this kind’, can be used in comparing different 
tuberculin samples. 

Among many other experiments only chtomato- 
graphy with pyridine/sucrose solutions, combined with 
electrophoresis in borate buffers, showed patterns 
of some reproducibility, though as 
yet not good enough for practical use. 

The difficulties encountered in 
paper electrophoresis of heated 
tuberculoproteins, the properties 
of which are apparently unfavour- 
able for this kind of separation, have 
been mentioned before‘. In this 
case the molecular weight of the C 
protein is twice tlie normal, while 
the A and B fractions consist prob- 
ably of molecules smaller than when 
they do not originate from heat- 
Q sterilized culture media’, facts that 
may account for the greater separa- 
tion troubles*. In trying to can- 
cel unfavourable effects in paper 
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electrophoresis due to the above-mentioned protein 
properties, I found a method, based on the electro- 
rheophoresis principle of Macheboeuf'*, in which 4 
rather vigorous evaporation-flow counteracts the 
electrophoretic movement of the proteins. The 
apparatus and results are shown in Figs. 2 and 3. A 
pH 8 buffer was used, consisting of 10 gm./l. boric 
acid, 0-5 gm./l. disodium salt of ethylene di-amino- 
tetraacetic acid, 0-05 ml./l. of “Tween 80’ and tris 
hydroxy methyl amino-methane so as to make the 
pH of the solution 8. Separations took place on 
Schleicher and Schiill paper No. 4032b Mgl at 7-9 V./ 
em. during 4-6 hr. at 24°C. For standardizing 
electrophoresis conditions and identification of the 
fractions obtained further investigations remain to 
be carried out. 
T. P. DEKKER 


Centraal Diergeneeskundig Instituut, 
Rotterdam. 


* Lederer, E., and Lederer, M., “Chromatography”, edit. by, 231 
(Elsevier, 1953). ' 

* Block, R. J., Durrum, EB. L., and Zweig, U., edit. by, ‘Paper Chrom- 
atography and Paper Electrophoresis’, 122 (Academic Press, 
New York, 1955). 

* Franklin, A. E., and Quastel, J. H., Proc. Soc. Exp. Biol. Med., 74, 
803 (1950). 

* Dekker, T. P., Nature, 186, 392 (1960). 

* Seibert, F. B., Soto Figueroa, E., and Dufour, E. H., Amer. Rev. 
Tudb., 71, 704 (1955). 

*Ohtomo, N., Kerraku, 29, 356 (1954). 

* Jones, J. 1. M., and Michael, 8S. E., Nature, 165, 685 (1950). 

* Seibert, F. B., Pedersen, K. O., and Tiselius, A., J. Exp. Med., 
68, 413 (1038); Amer. Rev. 7'ub., 38, 399 (1938). 

* Wunderley, Ch., “Die Papierelectrophorese”, 14 (Veriag Sauerlander 
and Co., Arau u. Frankfurt am Main, 1954). 

** Macheboeuf, M., Rebeyrotte, P., Dubert, J., and Brunerie, M., 
Bull, Soc. Chim, Biol,, 35, 334, 346 (1953). 


Evidence for the Existence of Two 
Corticotrophin-releasing Factors, « and 8 
WE wish to report here the presence of two distinct 

peptides with corticotrophin-releasing factor activity 
in hog posterior pituitary extracts. All the separation 
methods as well as the bioassays for corticotrophin- 
releasing factor, adrenocorticotrophic hormone, vaso- 
pressin and melanocyte stimulating hormone have 
been described previously'-*. 

A single peak of basic peptides obtained by pre- 
parative chromatography on carboxymethylcellulose 
had a’ its main components lysine-vasopressin and 
a-melanocyte stimulating hormone*. This peak, 
which also contained all the corticotrophin-releasing 
factor activity, was distributed for 100 transfers in a 
system of n-butanol/0-03 M p-toluene sulphonic 
acid. Lysine-vasopressin (K = 0:32, 300 pressor 
u./mgm.) was well separated from the a-melanocyte 
stimulating hormone area (K = 6, 1-3 x 107 melano- 
cyte stimulating hormone vu./mgm., 0-2 pressor 
u./mgm.). The «-melanocyte stimulating hormone 
area contained corticotrophin-releasing factor acti- 
vity, which could be separated from the a-melano- 
cyte stimulating hormone on analytical scale carboxy- 
methylcellulose columns. This  corticotrophin- 
releasing factor activity was found to be due to a 
peptide or a group of peptides containing the amino- 
acids of a-melanocyte stimulating hormone’ plus 
threonine, alanine and leucine. The peptide with 


corticotrophin-releasing factor activity apparently 
related to a-melanocyte stimulating hormone, con- 
taining methionine as the sulphur amino-acid, has 
been designated «-corticotrophin-releasing factor. 
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Some inherent adrenocorticotrophic hormone 
activity of a-corticotrophin-releasing factor (~<0-2 v./ 
mgm.) and the presence of alanine and leucine 
support the concept that this molecule may serve as a 
biosynthetic precursor of adrenocorticotrophic hor. 
mone. The peptide obtained by Gros and Privat de 
Garilhe* appears to be similar or identical to «. 
corticotrophin-releasing factor. Since the latter was 
active in releasing adrenocorticotrophic hormone only 
at relatively high levels of 2-3 ugm. in vivo or 0-5y 
in vitro, this discrepancy in corticotrophin-releasing 
factor activities as compared with our previous 
resulte*-** had to be explained. Similarly the amino- 
acid composition of  «-corticotrophin-releasing 
factor closely resembling that of «-melanocyte 
dtiraulating hormone led us to believe that we were 
dealing, in «a-corticotrophin-releasing factor, with 
a substance quite different from the one we had 
purified earlier’-*, which appeared to be related to 
vasopressin. 

The peak of pressor activity in the countercurrent 
distribution system was then carefully explored. It 
was possible to detect corticotrophin-releasing factor 
activity on the descending edge of the vaso- 
pressin peak after countercurrent distribution. A 
separation from vasopressin was achieved by paper 
partition chromatography*. Corticotrophin-releasing 
factor activity was found to be due to a small peptide, 
apparently related to vasopressin, on the basis of 
preliminary amino-acid composition and chromato- 
graphic behaviour. This peptide, active at 0-05y in 
vitro or 0-ly in vivo, was designated $-corticotrophin- 
releasing factor. Additional support for the concept 
of two distinct corticotrophin-releasing factor mole- 
cules was provided by the detection of two cortico- 
trophia releasing factor active areas with different 
specific activities on an analytical scale column of 
carboxymethyleellulose. This was achieved under 
conditions in which the order of elution of vasopressin 
and «-melanocyte stimulating hormone is reversed’, 
the starting material being posterior pituitary concen- 
trates’. 

Since both «- and §-corticotrophin-releasing factor 
are very basic peptides, our results are not in agree- 
ment with the data of Royce and Sayers*. One 
of the two corticotrophin-releasing factor active 
areas obtained by these authors after chromatography 
of median eminence extracts on carboxymethyl- 
cellulose must be explained by the presence of an 
acidic component or more probably, according to 
our own results, by overloading of the column. In 
our work, results from preparative chromatography 
of median eminence extracts on carboxymethyl- 
cellulose have revealed the presence of only one 
corticotrophin-releasing factor active ‘area, in the 
position occupied by basic peptides emerging just 
before vasopressin. Under the conditions used here 
it is likely that this corticotrophin-releasing factor 
activity in hypothalamic extracts was due to {- 
corticotrophin-releasing factor, although on a pre- 
parative scale carboxymethylcellulose column the 
presence of some «-corticotrophin-releasing factor 
eannot be eliminated with certainty. 

In view of the discrepancy in the specific activities 
and preliminary amino-acid composition of the two 
substances, one might propose that 8-corticotrophin- 
releasing factor is the true chemical mediator for 
release of adrenocorticotrophic hormone, whereas «- 
corticotrophin-releasing factor is an a-melanocyte 
stimulating hormone analogue, possibly a_pre- 
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wursor in the biosynthesis of adrenocorticotrophic 
hormone. 

This work was supported by U.S. Public Health 
Service Grant A-2543 (Cl), and U.S. Air Force 
Contract AF 41(657)-224. 


No. 4757 


A. V. ScHALLY 
R. N. ANDERSEN 
H. 8S. Lipscoms 
J. M. Lone 
RoGER GUILLEMIN 
Department of Physiology, 
Baylor University College of Medicine, 
Houston, Texas, 
and 
Laboratoire de Morphologie 
expérimentale et Endocrinologie, 
College de France, Paris. 
‘oi. 3, Hearn, W. H., Cheek, W. R., 
Endocrinol., 60, 488 (1957). 
a V., Saffran, M., and Zimmerman, B., Biochem. J., 70, 97 


‘oy V., and Guillemin, R., Tez. Rep. Biol. Med., 18, 133 


‘Guillemin, R., and Schally, A. V., Endocrinol., 65, 555 (1959). 

‘Schally, A. V., Andersen, R. N., Long, J. M., and Guillemin, R.> 
Proc. Soc. Exp. Biol. Med., 104, 290 (1960). 

*Schally, A. V., and Guillemin, R., Proc. Soc. Exp. Biol. Med., 100. 
188 (1959). 

Harris, J. I., Biochem. J., 71, 451 (1959). 

‘Gros, C., and Privat de Garilhe, M., C.R. Acad, Sci., Paris, 249, 
2234 (1959). 

eee * C., and Sayers, G., Proc. Soc. Exp. Biol. Med., 103, 447 


and Housholder, D. E., 


Spontaneous Plasma Kinin Formation 
in Human Plasma collected during 
Labour 


DEFICIENCY of substrate for induced plasma kinin 
production in the stored plasmas collected from 
women at the time of delivery has been shown!. This 
substrate deficiency was not observed in normal 
plasma (that is, from non-parturient individuals) 
stored for long periods at —20°C., or in plasma 
collected at time of delivery from women undergoing 
Cesarean section at term before the onset of labour. 

In the present series of experiments the plasmas 
were collected as previously described! ; but, as soon 
as possible after their collection (5-25 min.), plasma 
aliquots were placed in polythene containers at 0° C. 
and tested forthwith, in doses of 0-1—0-01 ml., on the 
isolated rat uterus in a 10 ml. bath. It was then found 
that plasmas collected from women in labour showed 
marked oxytocic activity, which increased further 
for 4-1} hr. This unusual activity was observed a 
short time before the onset of labour. The rapidity 
of its development increased throughout the first 
and second stages reaching, at its maximum, an 
activity equivalent to several units of oxytocin 
(‘Syntocinon’, Sandoz) per ml. plasma. It then 
declined, but was demonstrable for a variable period 
(usually 1-4 hr.) after completion of the third stage. 
These findings are in contradistinction to the neg- 
ligible oxytocie activity which develops in normal 
plasma kept in polythene containers at 0° C. for 1 hr. *. 

The spontaneously produced oxytocic activity in 
parturition plasmas kept at 0° C. resembled that due 
to plasma kinin*. It rapidly disappeared when the 
temperature of the plasma was raised to 20° C. Con- 
versely, the rate of disappearance of kinin added to 
plasma was markedly reduced when the plasma tem- 
perature was lowered from 20° C. to 0° C. This can 
be explained by the influence of temperature on 
plasma kininase. Since we have found the same 
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kininase activity in normal and parturition plasmas, 
we consider that the rapidly developing oxytocic 
power of the latter, at 0° C., was almost certainly due 
to abnormally rapid formation. 

The amount of spontaneous kinin formation in 
plasma samples collected at different stages of 
parturition was directly correlated with the degree 
of substrate depletion measured at these different 
stages. 

We think it unlikely that plasmin was the enzyme 
responsible for the spontaneous production of 
oxytocic activity since the peak period for develop- 
ment of the latter in the plasma, and the subsequent 
depletion of kininogen, corresponds with the nadir of 
fibrinolytic activity reported in pregnancy plasma‘. 
Moreover, normal plasma with high fibrinolytic 
activity (for example, after severe exercise or surgical 
operations) failed to develop a similar marked 
oxytocic activity. In addition, agents such as 
heparin (25 1.u./ml.) and ec-amino caproic acid 
(0-12 M), which inhibit plasmin, promoted the 
spontaneous kinin formation. These substances also 
potentiate kinin formation in normal plasma when it 
is exposed to glass, and this is known to be independ- 
ent of the plasminogen—plasmin system®.*. 

The active oxytocie principle did not develop in 
parturition plasma to which the soya bean trypsin 
inhibitor (2 mgm./ml.) had been added. Like plasma 
kinin, it was extractable in boiling ethanol from 
active (that is, oxytocic) plasma kept at 0° C., but 
not from control samples of the same plasma kept at 
room temperature, and the activity of the extracts 
was rapidly destroyed by a crude amino-peptidase 
(Z. coli) preparation. It is our opinion that it is 
probably a polypeptide. 

Thé oxytocic activity in plasma or extract, unlike 
oxytocin, was not rapidly destroyed by sodium 
thioglycollate, though the build-up of kinin in 
parturition plasma kept at 0° C. was inhibited by this 
agent. In these respects the spontaneous kinin pro- 
duction resembled that of kinin formed by exposure 
of human plasma to glass, and, to a certain extent, 
the formation of bradykinin by trypsin added to 
human pre-active plasma. Differences in dose— 
response relationships between the spontaneously 
arising kinin of parturition plasma and oxytocin, 
and the marked lack of tachyphylactic response of 
the uterus towards the former, also suggest that we 
were not dealing with oxytocin itself. 

The increasing rapidity of development of the 
parturition kinin throughout labour, reaching its 
maximum at the end of the second stage, suggests 
that the oxytocie activity may be related to the 
increasingly powerful contractions observed in the 
human uterus up to this time. The source of the 
active enzyme producing this oxytocic activity is not 
at present known. 
Destr&eE A. J. ARMSTRONG 
J. W. STEWART 


Department of Pharmacology and 
The Bland Sutton Institute, 
The Middlesex Hospital 
Medical School, 
London, W.1. 
Keele, C. A., and Stewart, J. W., J. Physiol., 150, 
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* Biezenski, J. J., and Moore, H. C., J. Clin, Path., 81, 306 (1958). 
* Armstrong, D., and Stewart, J. W., J. Physiol., 154, 19P (1960). 
* Eisen, V., and Keele, C. A., J. Physiol., 154, 20P (1960). 


had 
to 
rrent 
actor 
yaso- 
A ¢ 
dane 
a 
"ee- 
Ine 
jive 
4 
yl- 
an 
to | 
In “| 
hy 
yl- 
ne 
he a 
ist 
re 
or 
he 
or 
es 
r 
t- af 
e 
: 


1194 


Isolation of Hyaluronate from Human 
Synovial Fiuid by Zone Electrophoresis 


Lirt.e is known about the condition of hyaluronate 
in normal human synovial fluid because it is difficult 
to isolate the former in good yield by mild methods 
from small quantities of highly viscous fluid. Al- 
though hyaluronate can be completely precipitated 
from small amounts of synovial fluid by adding 
acetic acid or a complex cobalt salt, some degradation 
of hyaluronate may occur, and 50-60 per cent of 
the proteins of the fluid are cu precipitated in the 
mucin clot'. Isolation of hyaluronate from synovial 
fluid by moving-boundary electrophoresis is feasible, 
for at pH 8-6 hyaluronate migrates toward the anode 
slightly ahead of albumin. In normal synovial 
fluid, one or two components that migrated ahead of 
albumin were found? but were not isolated for further 
study. Electrodeposition of pooled synovial fluids 
was carried out three times at pH 7-0 by Roseman 
et al.*, and hyaluronate was isolated in yields of 70 
per cent or less, with a ratio mgm. protein/mgm. 
hyaluronate of 0-13, or about 11-5 per cent protein 
in the hyaluronate. 

In the present work the use of zone electrophoresis 
permitted hyaluronate to be isolated from small 
quantities of viscous fluid and recovered for analysis. 
A weighed amount (about 1 gm.) of synovial fluid 
from apparently normal knee joints of deceased or 
living subjects was diluted to 5 gm. with a phosphate 
buffer (0-047 M, pH 6-5) and then dialysed for about 
18 hr. at 2° C. inst 500 ml. of an acetate buffer 
(0-087 M, T'/2 = 0-075, pH 5-4) changed twice 
(10-2 gm. crystalline sodium acetate and 0-7 ml. 
glacial acetic acid diluted to 1 litre with distilled 
water that was also de-ionized). An aliquot (about 
0-1 gm.) of the diluted and dialysed synovial fluid 
was analysed for hexuronic acid‘. The protein 
content of diluted and dialysed normal synovial 
fluid is too low to interfere with this analysis. All 
the hexuronic acid measured is a component of 
hyaluronate, since testicular hyaluronidase hydro- 
lyses and renders dialysable 95 per cent of the hexur- 
onic acid of the fluid. 

The remainder of the diluted and dialysed synovial 
fluid was applied to a 2}-in. long slit in a solid block 
(18 in. * 5 in. x $ in.) of polyvinyl chloride (‘Geon’ 
resin. No. 427 from B. F. Goodrich Chemical Co., 
Cleveland, Ohio). Electrophoresis was carried out 
in the acetate buffer at 2° C. either for 14 hr. at a 
voltage gradient of 8-7 V./em., or for 21} hr. at a 
gradient of 5-5 V./em. The equipment and technique 
were modified from that used for zone electrophoresis 
of serum®. 

After electrophoresis, strips of Whatman No. 1 
filter paper were pressed on the wet block and were 
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Fig. 1. Electrophoresis of normal human synovial fluid in acetate 

buffer (pH 5-4) on a block of polyvinyl chloride for 20} hr. at a 

gradient of 5-5 V./em. Hyaluronate zone, segments 14-20; 

orosomucoid, segments 22-25; albumin forms the main com- 
ponent of segments 26-28 


dried at 90° C. for 20 min. The paper strips were 
stained with bromphenol blue or toluidine blue to 
locate approximately the positions on the block of 
proteins and hyaluronate respectively. The block 
was cut into segments (} in. wide x 3} in. long) 
starting near the anodal end. Each segment was 
placed in a sintered glass (coarse) funnel and eluted 
with a total of 10 ml. of a buffer (0-01 M sodium 
bicarbonate, 0:05 M sodium chloride, pH 8-1) by 
applying air pressure to the funnel. The eluates were 
evaporated to dryness in vacuo and then dissolved in 
2 ml. of de-ionized distilled water. Insoluble resin 
was removed by centrifugation. All the sluates were 
examined for protein by a modified Folin method. 
Each eluate containing hyaluronate was analysed 
for hexuronic acid. (Hexuronic acid x 2-5 =hyalur- 
onate.) 

At pH 5-4 hyaluronate migrated faster than most 
of the proteins of synovial fluid, but a small amount 
of protein was present in the hyaluronate zone 
(Fig. 1). Hyaluronate was recovered in a yield of 
80-90 per cent (Table 1). Further results shown in 
Table 1 were obtained by pooling all the eluates 
containing hyaluronate and measuring hexuronic 
acid and protein (Red Cross Fraction 2 was used as 
the protein standard). These experiments were done 
only when the zone of hyaluronate and protein was 
completely separated from the rest of the proteins of 
synovial fluid, as shown in Fig. 1. The ratio mgm. 


Table 1. ANALYSES OF THE HYALURONATE ZONE AFTER ELECTROPHORESIS ON BLOCKS OF POLYVINYL CHLORIDE OF NORMAL HUMAN SYNOVIAL 


FLvuIps 'N ACETATE BUFFER pH 5-4 


Hyaluronate : Pooled eluates, hyaluronate zone : 
} Voltage gradient | Applied v Protein Hyaluronate Ratio 
| Synovial fluid* | (V./em.) (mgm.) (mgm.) (per cent) (mgm./gm.) (mgm./gm.) (mgm, protein/ 
| mgm. hyalurona’ 
| hyal te) 
23t | 5-5 345 | | 82 0-192 190 0-10 
33 8:7 5°15 4-90 95 0-096 1-54 | 0-06 | 
38 87 5-18 3°78 73 0-052 1-62 | 0-03 
41 8-7 4390 | 0 3-70 84 0-031 097 0-03 
59 87 3-73 3-18 86 0-022 | 0-91 0-02 
2 8-7 275 | 2-67 0-152 1-29 0-12 
70 5-5 3-10 2-78 90 0-107 | 1°31 0-08 


* Age of subjects from whom fluid was obtained. 
+ Part of this synovial fluid was also incubated with testicular hyaluronidase and zone electrophoresis was then carried out. Hyaluronate 
fragments were recovered in a yield of 80 per cent and the ratio mgm. protein/mgm. hyaluronate 


nts was 0-018. 
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Fig. Double gel diffusion in agar of pooled, concentrated 
Re from normal synovial fluid after zone electrophoresis. 
A, Centre cup, anti- y-globulin (absorbed with fraction V and a 


B- -globulin fraction). 1, Fraction Il, 0-2 per cent. 2, Hyaluronate 
zone (segments 14-20) from normal synovial fluid shown in 
Fig. 1. A faint, broad precipitin line formed near slowly diffusing 
antigen. Concentration of antibody was in excess. B, Centre cup, 
anti-fraction VI. Orosomucoid standard 0-025 per cent. 2, Fastest 
migrating protein - of normal serum isolated by zone 
electrophoresis at pH 5-4. 3, Protein (segments 22-25) from 
normal synovial fluid shown in Fig. 1. 4, Protein that migrated 
just behind hyaluronate zone isolated by’ zone electrophoresis of 
another normal synovial fluid. Precipitin lines formed by all 
antigens coalesced (reaction of identity). These eapertasents 
were carried out by Dr. L. Korngold 


protein/mgm. hyaluronate of the isolated hyaluronate 
was 0:02-0:12. Double-diffusion studies in agar 
showed that the protein in two samples (Table 1, 23 
and 62) of isolated hyaluronate formed a precipitin 
line against anti-y-globulin (Fig. 2). Neither oroso- 
mucoid nor albumin, which migrated just behind the 
hyaluronate zone, could be detected in these samples 
of hyaluronate by this immunological method. 
Eluates containing the isolated hyaluronate from 
four synovial fluids (Table 1, 33, 38, 41, 59) were 
pooled, concentrated to a small volume and dialysed 
in distilled water to remove salts. After adding 
potassium acetate (1 per cent w/v) and 1 vol. of cold 
ethanol, part of the hyeluronate formed a ropy clot. 
Addition of two more volumes of ethanol resulted in a 
flocculent precipitate of more hyaluronate. Each 
precipitate was separately washed with ethanol and 
ether, and dried over phosphorus pentoxide in a 
vacuum. Analytical results are shown in Table 2. 
The hyaluronate obtained contained the lowest 
quantity of protein (4 per cent) yet reported when 
mild methods have been used for isolation. The 
calculated protein content of the hyaluronate obtained 
by three electrodepositions* was 11-5 per cent ; the 
isolation of protein-free hyaluronate was reported 
in a later abstract*®, but analyses were not given. 
Ogston and Stanier, after 16 or more ultrafiltrations 
of bovine synovial fluid, isolated hyaluronate in the 
ultra-filter residue in what was called a firm complex 
with about 25 per cent protein, composed largely of 
«-globulins, with smaller amounts of 8- and y-globu- 


lins’. Ogston and Sherman recently found® that 65 
Table 2. ANALYSES OF HYALURONATE OBTAINED BY ZONE ELECTRO- 
PHORESIS OF NORMAL HUMAN SYNOVIAL FLUIDS 


Eluates containing the isolated hyaluronate from four synovial fluids 

were pooled. On addition of 1 vol. of ethanol So of the hyaluronate 

was precipitated as a ropy clot; addition of two more volumes of 

ethanol caused a flocculent precipitate of ee oy Each pre- 
cipitate was separately dried and analysed 


Ethanol added 
1 vol. 3 vol. 


Yield (mgm.) 2-8 1:3 
Hexosamine (per cent) 28-6 
Hexuronic acid (per cent) 31-6 34-2 
Molar ratio hexosamine _ 0-98 
hexuronic acid 
Nitrogen (per cent) 2-88 3-36 
Molar ratio —"itrogen_ 1-26 1-36 
exosamine 
Protein (per cent) 2°47 4-53 
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per cent of the protein in the complex could be 
removed by proteolytic enzymes without altering the 
physical properties of the hyaluronate in solution. 
In the present work the finding of y-globulin in the 
hyaluronate zone is unexpected and worth further 
study. 

This work was supported by grant 24-5082 from 
the National Institute of Arthritis and Metabolic 
Diseases, and by the New York State Chapter, 
Arthritis and Rheumatism Foundation. We are 
grateful to Drs. H. Kunkel and E. Franklin for advice 
concerning zone electrophoresis; and to Dr. M. 
Schubert for helpful discussions. 

Note added in proof. Further to identify protein in 
the isolated hyaluronate, rabbits were injected with 
this material in Freund’s adjuvant. Antibodies to 
%,-globulin as well as to y-globulin were detected by 
the tanned cell hemagglutination technique. 
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Inhibitor of the Cytochrome Oxidase of 
Unfertilized Sea Urchin Eggs 


In a previous communication! the presence of an 
inhibitor of cytochrome oxidase in the unfertilized 
sea urchin egg was described. It was shown that its 
activity decreases considerably following _fertili- 
zation, that it is a low-molecular compound, that it is 
heat- and alkali-labile and that its action is of a 
competitive type. 

We wish to report here some further experiments 
aimed mainly at obtaining the inhibitor in a purified 
form and at finding out about its chemical nature 
and its mode of action. 

Fig. 1 illustrates a typical experiment showing 
that the inhibitor (prepared as described by Maggio 
and Monroy’) interferes with the oxidation of reduced 
cytochrome c by cytochrome oxidase (a preparation 
of mitochondrial membranes?). On the other hand, 
we have found that the reduction of cytochrome c 
is not inhibited. These results, taken together with 
the previous ones on the competitive type of the 
inhibition, suggest that the mechanism of the 
inhibition may be interference with the oxidation of 
cytochrome oxidase. 

Most of our efforts have been directed towards 
the purification of the inhibitory substance. After 
several unsuccessful attempts, encouraging results 
have been obtained using columns of ‘Ecteola’ 
cellulose. Homogenates of jelly-free unfertilized eggs 
of Paracentrotus lividus in 0:05 M phosphate buffer 
at pH 7-2 were centrifuged at 12,000g for 15 min. in 
the cold and the supernatant centrifuged again at 
105,000g for lhr. The final supernatant was dialysed 
overnight against distilled water and the dialysate 
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Fig. 1. inhibition of the re-oxidation of cytochrome ¢ by a crude 
preparation of the inhibitor (effluent from a ‘Dowex-50’ column, 
see ref, 1). The system contained in the final volume of 3-3 ml. 
of 0:1 _M phosphate buffer pH 7-4, 2-78 x 10-* M cytochrome 
¢, 8°1 x 10-*M sodium ascorbate, mitochondrial membranes 
from rat liver (0-1 ml. containing 0-1 mgm. protein). @, control ; 

, +0°3 ml. of inhibitor; A, + 0-6 ml. of inhibitor. The re- 
oxidation of cy me ¢ is indicated by the decrease of the 

absorbance at 550 ma 


containing the inhibitor was lyophilized. The dry 
material was dissolved in cold glass-distilled water to 
a final concentration of 0-04 M phosphate and the 
pH adjusted to 7-2. This solution was passed through 
an ‘Ecteola’ column prepared in phosphate buffer 
0-04 M, pH 7:2. The unadsorbed material was 
collected, together with the first washing (carried out 
with 20 ml. of phosphate 0-04 M, pH 7-2), which 
was followed by a stepwise elution with 10 ml. 
portions of 0-04 M phosphate at pH 6-5, 6-0 and 5-0. 
The washing and the eluates were lyophilized, 
redissolved in distilled water to a final concentration 
of 0-08 M, and, after adjusting the pH to 7-2, assayed 
for the cytochrome oxidase inhibiting activity by the 
manometric technique, as already described'. The 
results of two such experiments are given in Table 1. 
While in most cases the activity was present only in 
the pH 5-0 fraction, in others, as in Exp. 2, some 
activity was eluted also with the other fractions. We 
take this as an indication that our method of fraction- 
ation is not yet entirely satisfactory. No ninhydrin- 
positive spots appeared in the chromatograms of 
the pH 5-0 fraction and nitrogen det«rminations 
were also negative. Hence it may be concluded that 
the inhibitor is not a nitrogen-containing substance. 

It has happened sometimes, especially during 
purification, either that an originally active pre- 
paration lost its activity in the course of purification, 


Table 1. Cyrocarome Oxtpase INHIBITING ACTIVITY OF THE 
FRACTIONS OBTAINED FROM AN ‘EcTROLA’ COLUMN 
| Exp. 1 Exp. 2 
| Qo, | A (percent)| Qo, | A (percent) 
Control 441 404 
Washing 380 —5-95 
Eluate pH 371 —8-20 
Eluate pH 6-0 479 + 86 | 320 —20°8 
Eluate pH 5-0 284 — 35-6 274 —32-2 


Each Warburg vessel contained, in the final volume of 3-0 ml., 0-2 


ml. of rat liver mitochondria, 0-2 ml. of cytochrome c 2-46 x 10-* M, 
sodium ascorbate 30 «M, phosphate buffer 0-048 M, pH 7-4, sample 
¢ the inhibitor 0-6 ml. Values are expressed as wl. oxygen/hr./mgm. 


jal proteins (Q0,). 


December 31, 1960 VOL. 188 


or that the preparations were inactive from the 
beginning. We have then tried to re-activate such 
inactive inhibitors and positive results have been 
obtained with reduced glutathione and cysteine. The 
former compound has given more constant results, 
evidently due to its greater stability at the neutral or 
slightly alkaline pH used in the manometric tests. 
When the re-activation was tried on the fractions 
obtained from the column, this was obtained only 
with the pH 5-0 fraction. The results of a typical 
experiment are illustrated in Table 2. 


Table 2. RE-ACTIVATION BY REDUCED GLUTATHIONE 10-* M Frxat 


CONCENTRATION. OTHER CONDITIONS AS IN TABLE 1 
[ | Qo A (per cent) 
Control mitochondria | 548 
Mitochondria + glutathione | 576 +51 | 
Mitochondria + pH 5-0 eluate | 690 + 72 
| Mitochondria + pH 5-0 eluate -. gluta- 
thione | 474 —13°5 


These results seem to suggest that thiol groups may 
be responsible for the inhibitory activity. 

This work has been supported by grants from the 
National Institutes of Health, U.S. Public Health 
Service (RG-6211) and the Consiglio Nazionale delle 
Ricerche. 
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Thyroid Function and Oxidative 
Phosphorylation in Cold-exposed Rats 


Tue presence of the thyroid gland appears to be 
necessary for prolonged survival of the gold-acclimat- 
ized rat!*. Rats in the cold also appea} to turn over 
iodine-131 more rapidly than normal*-*, indicating a 
more rapid than normal accumulation of iodide and 
release of thyroid hormone. Since oxidative phos- 
phorylation, a process thought by some’-!* to be 
regulated by the thyroid, has been noted to be parti- 
ally uncoupled"-!*, as well as physically and bio- 
chemically more labile in the cold-acclimatized rat'*", 
we have investigated the alteration of mitochondrial 
function following thyroidectomy of cold-exposed 
and normal rats. 

Rats used in these experiments were exposed to 
0-2° C. for 4-5 weeks. Thyroids were removed 
surgically at this time, and three weeks were allowed 
for recovery. The completeness of thyroidectomy 
was ascertained by relative concentrations of labelled 
potassium iodide in the neck region versus leg muscul- 
ature 5-7 days after isotope injection. Ratios between 
1 and 2 were accepted as indicating complete thyroid- 
ectomy. Controls were maintained at 25°C. Twice- 
washed liver mitochondria were prepared essentially 
according to Schneider and Hogeboom™ in 0-25 M 
sucrose. Oxidation was measured by Warburg 
manometry and phosphate esterification according 
to the isotope distribution method of Lindberg and 
Ernster'*. The lability of the mitochondrial oxida- 
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esterification (per cent) 


Ageing time (min.) 
Fig. i. Loss of pheaphexyintive ability of mitochondria during 
ageing 


tive phosphorylation system was measured according 
to Ernster and Léw’’. Lability of phosphorylative 
ability is expressed as the ‘Ageing Index?’, which is 
equal to the time of ageing, in minutes, required to 
depress the phosphorylative capacity to a value half- 
way between maximal and minimal phosphorylation. 
Values of the statistical quantity ¢ were obtained by 
a small sample, paired comparison method"*, and 
P derived from standard probability tables. 

No difference was observed in the efficiency of 
oxidative phosphorylation (P/O) between prepara- 
tions from control and thyroidectomized rats main- 
tained at 25° C. (Table 1). On the other hand, the 
same mitochondrial suspensions showed a greater 
resistance to ageing on the part of the thyroidectom- 
ized preparation, this phenomenon being reflected 
in the difference in ‘Ageing Index?’. A comparison 
of the P/O ratios of mitochondria from intact animals, 
one group maintained for 4-5 weeks at 0-2° C., the 
other at 25° C., confirms previously published data 
on the lowering of the phosphorylative efficiency™ 
and the ‘Ageing Index! of the cold-exposed group. 
Thyroidectomy of the cold-exposed rat results in. 
mitochondrial preparations with normal phosphoryla- 
tive efficiency as well as a normal ‘Ageing Index?’. 
When preparations from rats maintained at 25° C. 
and 0-2° C., and which have been thyroidectomized 
are compared, the P/O ratios are normal while the 
‘Ageing Index?’ of the 25° C. thyroidectomized 
preparation is greatly increased. Ageing curves 
from a representative experiment involving the four 
preparations discussed above are presented in Fig. 1. 
The ‘Ageing Indices?’ were calculated from such data. 

These data indicate that: (1) The stability of the 
oxidative phosphorylation system may be in part 
regulated by thyroid hormone. (2) Under conditions 
where the P/O ratio does not reflect thyroid regulation 


Table 1. THe EFFECT OF THYROIDECTOMY ON THE P/O RATIO AND 
THE RESPONSE TO AGEING OF LIVER MITOCHONDRIA FROM CONTROL 
AND 4-5-WEEK COLD-EXPOSED RATS 


Environ- P/O ‘Ageing index?’ 
No. of | mental 
exp. emper- Athy- P Athy- P 
ature | Intact} roid Intact | roid 
7 25° C. 1-84 1-82 | >0-57 +¢ 3 >21-4 0-02 
95° 
| o-0s| 142 <0-01 
8 25°C. | 1°83 
0-2°C. 180 | 94) 140 | 29.57 
7 25° C. 1-84 >21-4 
0-2° C. 1-30 | 13-6| 001 


Each Warburg or Erlenmeyer fiask contained: Mitochondria from 
1/20th rat liver, 50 wmoles dipotassium hydrogen phosphate; 150 
moles potassium chloride; 4-3 adenylie acid; 60 umoles 
glucose; 125 ywmoles sucrose; 30 mmoles succinate ; moles 


magnesium sulphate; and 330 KM units hexokinase; final pH, 7-4. 
hase. Oxygen 


20 ml. reaction volume, 20 min. incubation, air gas p 
consumption extrapolated for initial 5 min. (ref. 17). 
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(hypothyroidism) an indication of regulation may be 
observed by the determination of the ‘Ageing Index?’. 
(3) The rat is not wholly dependent on an intact 
thyroid to regulate uncoupling of oxidative phosphory]- 
ation and ‘Ageing Index?’ since the P/O ratio and 
‘Ageing Index?’ of thyroidectomized preparations 
are returned to normal in the cold-exposed animal by 
thyroidectomy, but not to the cold-exposed level, 
indicating a control in addition to the thyroid state. 
This type of control may reside in the tissue itself 
and may consist of an autoregulatory device on the 
tissue-level of organization. 

This work was accomplished under U.S. Air Force 
Contract 41(657) 145, monitored by the Alaskan Air 
Command, Arctic Aeromedical Laboratory. 
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Abolition by 2 : 4-Dinitrophenol of the 
Protective Effect of Succinate and Adenine 
Nucleotides on the Onset of the Thyroxine- 
induced Swelling of Liver Mitochondria 


THYROXINE is known!’ to induce a rapid and 
extensive swelling of freshly isolated rat and mouse 
liver mitochondria suspended in a deficient medium. 
It has been reported recently* that succinate 
(5 x 10-* M) and adenine nucleotides (10-° M) 
protect against the onset of this swelling for a certain 
time, but not against the extent of swelling ultimately 
reached. The former effect was very pronounced 
with liver mitochondria from rats maintained on a 
polished-rice diet for 3-12 months. These experi- 
ments were carried out with inbred albino rats of the 
strain R-Amsterdam and F,(C57 Black x CBA) 
hybrid mice. It has now been found that the pro- 
tective effect is weaker when liver mitochondria from 
several inbred strains of mice (CBA, C57 Black and 
O.o-Amsterdam) or from a partly inbred strain 
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(LE) of piebald rats are used than with the particles 
isolated from the livers of the former animals, all 
animals being maintained on the standard laboratory 
diet. The order of acvivity of the nucleotides appeared 
to be: adenosine di-> -tri- > or > -monophos- 
phate, the latter being in many cases scarcely effective, 
if at all. Evidence has been obtained? that the adenine 
nucleotides, added in a sufficiently low concentration 
as to make any chelating effect unlikely, were especi- 
ally active when added in conjunction with succinate. 
The conclusion was, therefore, drawn that the pro- 
tective effect of the latter compounds on the onset 
of the thyroxine-induced swelling (that is, the retarda- 
tion thereof) was mediated by promoting the process 
of oxidative phosphorylation under the adverse con- 
ditions of the deficient medium. This view has now 
been substantiated by the following results, which 
may also shed some further light on the anomalous 
effects of 2: 4-dinitrophenol (DNP) on the swelling 
of isolated liver mitochondria. 

DNP has been shown! to abolish completely the 
spontaneous or thyroxine-induced swelling of liver 
mitochondria suspended in deficient medium, but to 
induce swelling when oxidizable substrate is also 
present*-*. When taking into account that electron 
transport in the respiratory chain is required for 
swelling*-* and that DNP may inhibit respiration’, 
the conclusion can be drawn (compare ref. 6) that DNP 
abolishes the spontaneous or thyroxine-induced 
swelling by inhibiting the electron transport from 
intramitochondrial substrates, and thus prevents 
swelling. Since there is also evidence*® that added 
oxidizable substrates may counteract the inhibitory 
effect of DNP on respiration, ‘he above anomaly 
may be more apparent than real. In this connexion 
it should be noted, when comparing the concentra- 
tions of DNP used in manometric and swelling experi- 
ments, that the mitochondria in the latter case 
are much more diluted than in the fomer. 

Figs. la and 6 represent two experiments in which 
effects of D.JP (5 x and 2-5 x 10-5 M, respectively) 
on the pattern of swelling of R-rat liver mitochondria 
in the presence of thyroxine, succinate and adenosine 
diphosphate (ADP) were studied, using the same 
technique as described previously’. In both cases 
DNP not only inhibited the thyroxine-induced 
swelling of the particles observed in the absence of 
added substrate, but also abolished the protective 
effects of succinate and succinate plus ADP on the 
onset of the thyroxine-induced swelling. In the first 
experiment with 5 x 10-5, but not in the second 
with 2-5 x 10-°M DNP, the rate of swelling in the 
presence of thyroxine (3 x 10-° M), DNP and suc- 
cinate (and ADP) was much less pronounced than that 
observed in the absence of DNP once the protective 
effect of succinate fand ADP) was overcome. This 
difference may be accounted for by assuming that 
5 x 10-5 M, in contrast to 2-5 x 10-° M DNP, still 
inhibited the electron transport from succinate to a 
certain extent. If so, it might be expected that, 
when the oxidation of the latter is prevented by 
malonate (5 x 10-* M), the inhibitory effect of DNP 
on the electron transport, now stemming mainly from 
the endogenous substrates, may predominate again 
and thus abolish the swelling effect of thyroxine. 
Fig. 1b shows the latter prediction to be true for 
the low concentration of DNP. 

The finding that the protective effect of succinate 
and adenine nucleotide on the onset of the thyroxine- 
induced swelling is abolished by either malonate or 
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x control — minus ONP 

succinate --- plus ONP 
Th succinate + ADP exp.a: 

© succinate[*ADP]+malonate| M 


Figs.1,aand6. Effect of 2: 4-dinitrophenol and/or malonate on 
the thyroxine-induced swelling of fresh rat liver mitochondria 
incubated in the presence of succinate (and adenosine diphosphate). 
2: 4-Dinitrophenol, 5 x 10-*' M in exp. @ and 2-5 x 10-* M in 
exp. Di-thyroxine, 3 x M, present in each flask ; succin- 
ate, x 10-* adenosine diphosphate, 1-5 x 10-°M; 
malonate, 5 x 10-) M. Note that the curves indicated by small 
circles in Fig. 15 represent the situation as found in the absence 
and presence of adenosine diphosphate 


DNP indicates that the former effect is dependent on 
both the oxidation of succinate and the accompanying 
phosphorylation. 

The in vitro swelling action of thyroxine on liver 
mitochondria has been shown" to represent an 
acceleration of a process which the mitochondria are 
already inherently capable of undergoing spontane- 
ously ; a similar conclusion has been drawn previ- 
ously" in regard to the loss of diphosphopyridine 
nucleotide from isolated mitochondria, the action of 
thyroxine being then described as representing an 
acceleration of the structural and biochemical iabil- 
ization of the particles such as is manifested after 
their ageing. The correspondence between spontane- 
ous and thyroxine-induced swelling was further 
substantiated by the finding*® that both processes 
responded in a similar manner to succinate and the 
adenine nucleotides, the response being determined 
by the type of mitochondrial preparation (fresh ; 
intact or damaged by washing™ at 0° C.; aged at 
0° and 37° C.). Since for swelling to occur electron 
transport along the respiratory chain is required, and 
since intact mitochondria capable of phosphorylating 
do not swell, a labilizing change in the biochemical 
structure of isolated liver mitochondria suspended in 
deficient medium, leading to uncoupling, has been 
postulated as necessarily preceding mitochondrial 
swelling. Thyroxine appears to accelerate the latter 
change, which has been identified*.1?,1%, albeit tenta- 
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tively, as caused by or to involve a loss of adenine 
nucleotides from the particles in the deficient medium 
lacking Magnesium. 
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Accelerated Recovery from Reserpine 
Depression 7 Monoamine Oxidase 
nhibitors 


Ir is generally accepted that pretreatment with a 
strong monoamine oxidase inhibitor, for example 
iproniazid, antagonizes the behavioural depression 
induced by reserpine!. The converse experiment in 
which the inhibitor is given after reserpine in an 
attempt to terminate the depression apparently has 
not been as well explored; at least two papers, 
however, have reported failures to obtain such a 
reversal?. In the present experiments, chronically 
reserpinized animals were under observation for 
extended periods (weeks) before and after treatment 
with iproniazid or 8-phenylisopropylhydrazine (JB 
516). The conditioning techniques used provided an 
objective assay of behaviour changes. Under these 
conditions, the behavioural depression produced by 
reserpine was clearly alleviated by a single injection 
of a monoamine oxidase inhibitor, although the 
onset of the arousal lagged about a day after the 
dosing. 

Five hungry male rats, maintained at 80 per cent 
of their weight when feeding ad libitum, were trained 
to obtain a drop of sweetened condensed milk by 
pressing a lever in the wall of a small chamber. 
Not every press was rewarded ; eligibility for rein- 
forcement was programmed randomly and occurred, 
on the average, once a minute. This variable- 
interval reinforcement schedule produced a steady, 
high response-rate throughout the 1-hr. experimental 
sessions, and thus furnished a dependable behav- 
ioural base-line for the measurement of drug offects. 

Administration of reserpine phosphate (0-2 mgm./ 
kgm. base intraperitoneally) was begun after the 
lever-pressing rates had become stabilized. Injections 
were made immediately after every experimental 
session, even on days when other drugs were given. 
Behavioural tests were not run at week-ends, but the 
reserpine was injected every day once the series was 
started. 
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START RESERPINE STOP 


JBSIG 2.5mg/kg 


Fig. 1. Daily response output thoughout the experiment for the 
five rats. Abscissa, daily 1-hr. test sessions: markers indicate 
successive days ; ordinate, total number of lever responses : 
each marker denotes 400 responses. Reserpine was administered 
immediately after each test session on week-days and also on 
week-ends ~~ by crosses) when behavioural a were not 
made. The first three reserpine injections were 0-5 

and all succeeding ones, 0:2 mgm./kgm. A single dan of ipro- 
niazid or JB 516 was injected half an hour before the start of the 

test session indicated 


After several reserpine injections with no apparent 
effect, the rates of response declined rapidly. When 
the rates were about 10 per cent or less of the pre- 
reserpine-levels, the monoamine oxidase inhibitors 
were administered. Three of the animals were 
injected with iproniazid phosphate (100 mgm./kgm. 
intraperitoneally) and two with §-phenylisopropyl- 
hydrazine hydrochloride (2-5 mgm./kgm. intra- 
peritoneally) half an hour before the start of the test 
period. Reserpine was injected as usual after this 
period, and daily for several weeks thereafter. 

Fig. 1 gives the daily lever-pressing rates for the 
five animals throughout the course of the experiment. 
With the exception of rat 70 (which probably required 
a larger dose of iproniazid), substantial recovery from 
the reserpine inhibition may be observed on the second 
or third day after the dosing with the inhibitor ; the 
reversal lasted about one month. Without the pro- 
tection of an inhibitor, a reserpine series of this sort 
is usually lethal; the animals stop eating and seem 
to be less resistant to disease. 

Also interesting was the observation that the 
monamine oxidase inhibitors actually increased the 
suppression of lever-pressing for many hours immedi- 
ately after the dosing. In Fig. 1 it may be seen that 
on the day that the inhibitor was given, the response 
output of all animals approximated zero. Such 
absolute suppression of the lever-pressing rate within 
balf an hour after an iproniazid or JB 516 injection 
has been observed invariably in more than twenty 
experiments. These doses of iproniazid and JB 516 
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have no obvious effects on the lever-pressing per- 
formance of rats not treated with reserpine. 

These findings bear upon theories that attribute the 
behavioural effects of reserpine to the changes this 
drug brings about in the levels of endogenous brain 
monoamines ; the serotonin and catechol amine in 
the brain are both depleted extensively and both 
have been taken to be implicated}. 

The present observation of a delayed reserpine 
reversal by the monoamine oxidase inhibitors follows 
the time-course of recovery of norepinephrine in the 
brain more closely than that of serotonin. Spector 
et al. have reported that the level of serotonin in the 
brain in reserpinized rabbits rose almost to normal 
within 2 hr. after an injection of JB 516, while the 
level of norepinephrine remained virtually un- 
changed‘. During this time of recovered serotonin- 
levels in the present experiments, the inhibition of 
lever-pressing behaviour was not reversed, but 
actually was increased. The present observation 
that the peak of the recovery was delayed for a 
number of days corresponds with a similarly delayed 
increase in the norepinephrine-level in the brains of 
rabbits treated with monoamine oxidase inhibitors‘. 
Also favouring an important role for the catechol 
amines are the findings that amphetamine, a close 
structural and pharmacological relative of the 
catechol amines, and cocaine, a known potentiator of 
catechol amine activity, both potently and rapidly 
reversed the behavioural inhibition produced by 
reserpine. Reversal of reserpine-induced depression 
of behaviour with cocaine has been observed by J. 
Seifter and one of us (L. 8.) in experiments at the 
Wyeth Institute for Medical Research. 
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Electrophoretic Mobilities of Normal 
and Regenerating Liver Cells 


By measuring the electrophoretic mobility of cells, 
Ambrose, James and Lowick' have demonstrated 
that the average charge density of neoplastic kidney 
and liver cells is almost double that of the homologous 
normal cells. 

It was further shown** that the increase in the 
negative charge density of tumour cells is due to a 
gradual alteration of surface properties in direct 
relation to the degree of malignancy. 

These observations gave rise to the question as to 
whether the increased charge density of neoplastic 
cells is specifically characteristic of malignancy, or 
could perhaps be considered as one of the mani- 
festations of normal growth. 
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Frequency (per cent) 


10 22 28 883 84 
Mobility (u/sec./V./cm.) 
Fig. 1. Electrophoretic mobilities of single liver bw Cells from 


normal liver show a mean mobility of 1-000 + 0-015. Cell from 
regenerative liver 24 hepatectomy 1-257 + 


In an attempt to shed light on this problem, the 
electrophoretic mobility of regenerating liver cells 
was compared with that of the homologous non- 
regenerating cells. 

Cell suspensions of adult rat liver were prepared by 
perfusing the liver with 0-05 M ethylenediamine 
tetraacetic acid slightly homogenized in a loose-fitting 
Potter-Elvehjem glass homogenizer‘ and washed 
several times with phosphate-buffered saline®. This 
procedure yielded a rich suspension of liver cells. For 
electrophoretic measurements the cells were trans- 
ferred to Sorensen’s phosphate buffer M/15 (pH 7-4; 
ionic strength 0-174) and measured by the Northrop- 
Kunitz electrophoretic cell on a horizontal plane’. 
100 cells, at least, were measured for each experi- 
ment. Erythrocytes served as internal control, and 
accordingly oniy animals in which the erythrocyte 
mobility was in the range of 1-21—1-27 p/sec./V./cm. 
were used. 

The measurements were carried out on coded 
samples so that the observer was unaware of the 
origin of the cells at the time of measurement. 

Fig. 1 shows an increase by an average of 25 per 
cent in the mobility of the cells 24 hr. after partial 
hepatectomy, thus indicating the increased negative 
charge density of the regenerating liver cells. 

When the changes in charge density of the cells 
during the regenerative process were followed up, an 
increase in mobility could already be observed at 
6 hr. after the operation. The mobility was still high 
after 48 hr. However, in measurements taken after 
a@ considerable delay of 20 days, it was found that 
the cell mobility had returned to the normal level. 

These experiments would indicate that the increased 
charge density of cells is also a manifestation of a 
normal growth process. It may be therefore that 
the growth associated with malignancy may be the 
cause of the increased charge density changes pre- 
viously described'* rather than a property specific 
to malignant cells. 
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tion of Reticulocytes by means of 
Multi-Layer Centrifugation 


ReticuLocytTeEs regarded as the youngest erythro- 
cytes in the circulating blood have particular pro- 
perties such as respiration’*, biosynthesis of hem 
in vitro*, electrophoretic mobility and osmotic 
resistance‘ different from those of mature erythro- 
cytes. Separation of reticulocytes in a pure and 
physiological state seems necessary in studying their 
properties and functions‘. 

We succeeded in separating reticulocytes by means 
of a multi-layer centrifugation with a gum acacia 
solution. The separating procedures are similar to 
those of leucocytes and bone marrow cells*.” reported 
previously. The technique depends on the difference 
in densities between reticulocytes and mature 
erythrocytes. Separating media with various degrees 
of specific gravity are prepared immediately before 
the experiment by diluting a stock solution with 
physiological saline solution. The stock solution is 
prepared as follows: about 30 ml. of distilled water 
is put into a flask, to which about 30-32 gm. of gum 
acacia powder is added and stirred with a glass rod. 
The stirring is continued while the flask is being put in 
a water-bath kept at 80-90°C. Then water is added 
slowly up to about 90 ml. After the powder is dis- 
solved, it is centrifuged at 1,000g for 20 min. The 
supernate is diluted with distilled water to a density 
of 1-090 at 15°C. The density is measured by a 
hydrometer which covers the range 1-060—1-120 in 
steps of 0-001 unit. As this solution is hypotonic to 
blood cells, sodium chloride is added to keep the 
solution isotonic with blood cells—usually about 
0-2 per cent. The pH of this solution is adjusted to 
7-4 by adding a few drops of a saturated sodium 
hydroxide solution. 

The stock solution can be stored for several weeks 
in @ tightly closed container kept in a cold room. 
The proper dilution of the stock solution to secure 
desired densities for the separation of reticulocytes 
can be calculated from the following formula : 


1-090 
X= 
*4 


where X is volume of physiological saline solution 
to be added, A is volume of stock solution, D is the 
density desired. 
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— Solution 


—— Solution 


Layered solutions before centrifugation 


Fig. 1. 


Usually two solutions A and B are used for separa- 
tion; A with a specific gravity of 1-068-1-078 
according to the preliminary test and B is 1-050 
(15° C.). Each specific gravity desired should be 
determined by a preliminary test with blood cells, 
because there are individual and seasonal variations 
in density of reticulocyte. 

Reticulocytosis is caused in adult rabbits weighing 
2-5-3-0 kgm. by repeated bleeding or administra- 
tion of phenylhydrazine ; thus 10 ml. of blood per 
kgm. body-weight is withdrawn daily from the ear 
vein or by heart puncture until the reticulocyte 
count reaches about 30 per cent; or 0-3 ml. of a 
2-5 per cent phenylhydrazine hydrochloride solution 
per kgm. body-weight is injected subcutaneously daily 
until the reticulocyte count reaches about 50 per 
cent. The blood of the rabbit with reticulocytosis is 
withdrawn from the ear vein in measured amounts 
of 3-8 per cent sodium citrate or neparin solution. 
The blood is washed with physiological saline solution 
and then centrifuged at 1,000g for 20 min. The 
supernate and buffy coat (a concentrated leucocyte 
and platelet layer) are pipetted off. 

The sedimented red blood cells are suspended in a 
two- or three-fold volume of physiological saline 


Fig. 2. Separated blood cells in a centrifuge tube. 
layer with leucocytes and platelets; 2, reti 
3, mature erythrocyte layer 
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Fig. 3. Separated reticulocytes (brilliant cresyl blue staining). 
(x 800) 


solution and used for a multi-layer centrifugation. 
All the procedures are carried out in a cold room 
kept at 2°-0° C. 

Two ml. of solution A is poured into a centrifuge 
tube (13 mm. in inner diameter, 10 ml. in capacity) 
and 2 ml. of solution B is layered over the A carefully 
along the inner wall of the tube with a pipette. Then 
about 3 ml. of the blood sample is put on B (Fig. 1). 
The layered solutions are centrifuged at 4,000—5,500g 
for 15 min. A Marusan electric centrifuge (horizontal 
head) is employed: conical head centrifuges do not 
seem convenient for a multi-layer centrifugation. 
After centrifugation the following three layers are 
formed in a contrifuge tube (Fig. 2): from the top 
to the bottom, (1) fibrin lying with a few leucocytes 
and platelets ; (2) reticulocyte (immature erythro- 
cyte) layer; (3) mature erythrocyte layer. The 
reticulocytes float on the boundary of solutions 
A and B forming a stratum, so that they can be 
easily collected with a pipette. The reticulocytes 
thus prepared show a 95-100 per cent purity in 
separation (Fig. 3). Their functions and properties 
will be discussed in the Japanese Journal of Physio- 
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Human Embryo Hemoglobin 


AuTrHoues evidence of the presence of a second 
foetal hemoglobin in young human fceetuses is 
accumulating'*, uncertainty still seems to prevail 
in some quarters as to the existence of this embryonic 
hemoglobin’. The following report of a paper-electro- 
phoretic study of the hemoglobins of six 6—-12-week- 
old and five 15-18-week-old human foetuses may 
therefore be of some interest. 

Hemolysates containing about 10 per cent haemo- 
globin were prepared from citrated cord blood follow- 
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Fig. 1. Electrophoretic pattern of hemoglobins. 1, 2 and 3, 

normal adult hemoglobin; 4, hemoglobin from 12-week-old 

feetus; 5, normal full-term new-born infant. Arrow indicates 
direction of migration 


1 x 3 + 


Fig. 2. Electrophoretic pattern of hemoglobins. 1, Mixture of 

hemoglobin from 12-week-old fcetus and full-term new-born 

infant; 2 and 4, hemoglobin from 12-week-old fctuses: 

3, normal full-term new-born infant. Arrow indicates direction 
of migration 


ing the technique of Singer et al. The spots were 
run on Whatman No. 1 filter paper for 20-21 hr. 
in barbital buffer at a pH of 8-6 and at approxi- 
mately 0-1 ionic strength. 

As can be seen from Table 1 and Figs. 1 and 2, 
the migration of the hemoglobins in the group of 
7—12-week-old foetuses was definitely slower than the 
migration of the hemoglobins in the group of 15- 
18-week-old fcetuses and of full-term infants and 
adult controls. In relation to the migration of 
normal adult hemoglobin the mean ratio foetal 
hemoglobin : adult hemoglobin was 0-86 in the 
group of small fcetuses and 0-98 in the group of 
15—18-week-old foetuses. 

After migration a mixture of hemoglobins from a 
12-week-old foetus and a full-term new-born infant 
showed signs of separation (Fig. 2). 

It seems reasonable to assume that the hzmo- 
globin in the blood of the 7—12-week-old foetuses 
described here is identical with the embryonic 


Table 1. MIGRATION (CM.) OF HAMOGLOBINS FROM SIX 7-12-WHEK- 
OLD AND FIVE 15-18-WEEK-OLD HUMAN F@TUSES. WHATMAN No. 1. 
VERONAL BUFFER pH 8-6, 20-21 HR., 4-5-6 M.AMP. 


Migration (em.) of : 
Fetal 
Age of foetus, Fetal Adult hemoglobinj Mean | 
weeks hemoglobin hemoglobin adult | 
hemoglobin 
7 (6cm.) 76 0-94 | 
8 (6cm.) 7-4 8 0-92 
10 (8 em.) 75 8-7 0-86 0-86 
11 (10 cm.) 6-0 7-0 0°85 
12 (9 cm.) 4-5 5-0 0-9 
12 (9¢cm.) 35 5-0 0-7 
15 (16 cm.) 8-5 8-7 0-97 
16 (16 cm.) 8-3 8:1 1-02 
18 (20 cm.) 8-0 85 0-94 0-98 
18 (22 cm. 78 8-0 0-98 
18 (21 em. 8-0 8-2 0-98 


seers 


embi 
early 
well 
6 15-1 
the 
mob 
; foetu 
with 
FE 
glob 
on 
desc 
i that 
The 
15— 
fror 
T 
glok 
| blas 
diff 
met 
het 
het 
15- 
I 
for 
De 
‘Di 
“Hi 
*Ki 
* Fe 
Vi 
* Ie 
* Si 
| 
| 


1 3, 
~old 
ates 


December 31, 1960 


hemoglobin of a 10-week-old human foetus which 
Halbrecht and Klibansky identified by means of 
paper electrophoresis. The “primitive type P” 
embryonic hemoglobin described by Allison* and the 
early embryonic hemoglobin distinguished through 
alkali denaturation by Drescher and Kiinzer' may 
well be identical with the hemoglobin of the small 
foetuses reported here. 

The migration pattern of the hemoglobins of the 
15-18-week-old foetuses differed significantly from 
the hemoglobins of the 7—12-week-old group. The 
mobility of the hemoglobins of the older group of 
fetuses showed but smal! differences as compared 
with the hemoglobin of normal full-term infants. 

From the results of this investigation it was thus 
possible to distinguish a human embryonic hemo- 
globin from a group of 7—12-week-old foetuses, which, 
on paper electrophoresis under the conditions 
described, showed a mobility definitely slower than 
that of the hemoglobin of normal full-term infants. 
The mobility of the hemoglobins of the group of 
15-18-week-old foetuses did not differ significantly 
from that of normal full-term infants. 

These findings support the view* that the hemo- 
globin in the erythrocytes derived from the meso- 
blastic tissue during early embryonic life is of a 
different type from the hemoglobin of hepatic and 
medullary origin. If this holds true, most of the 
hemoglobin of mesoblastic type is replaced by 
hemoglobin of hepatic origin in the course of 
15-18 weeks of foetal life. 

I am indebted to the Sigrid Jusélius Foundation 
for a grant towards the cost of this investigation. 


Harry ZILLIacus 


Department of Obstetrics and Gynecology I, 
University Central Hospital, 
Helsinki. 


' Drescher, H., and Kiinzer, W., Klin. Wechr., 32, 92 (1954). 

* Allison, A., Science, 122, 640 (1955). 

*Halbrecht, J., and Klibansky, C., Nature, 178, 794 (1956). 

*Kiinzer, W., Nature, 179, 477 (1959). 

ae Mastrokalos, N., and Fostiropulus, G., Nature, 183, 31 

* Vella, F., Nature, 184, 272 (1959). 

* Jonxis, J. H. P., in “Abnormal Haemoglobins”, 118 (Blackwell Sci. 
Pub., Oxford, 1959). 

* Singer, K., Chernoff, A. J., and Singer, L., Blood, 6, 413 (1951). 
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PATHOLOGY 


Leucocytic Emigration from Inflamed 
Capillaries 

THE precise manner in which margination and 
emigration of leucocytes occur in acute inflammation 
has not been elucidated despite numerous careful 
studies with the light microscope. Utilizing electron 
microscopy we have observed the emigration of 
leucocytes from capillaries in areas of acute inflam- 
mation in dog pancreas. Capillary endothelial cells 
react to injury by forming intra-lumenal finger-like 
projections of cytoplasm. These projections insinuate 
themselves around, and envelop, adjacent leucocytes, 
and, in this manner, draw the latter into the capillary 
wall (Fig. 1). This intramural localization of leuco- 
cytes is equivalent to ‘margination’ as seen by light 
microscopy and would appear to occur by a process 
similar to that of phagocytosis. The leucocytes are 
then extruded through the antiluminal border of the 
endothelial cell where they are separated from the 
extravascular space only by the basement membrane 
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Fig. 1. Electron photomicrograph of an inflamed capillary in 
which leucocytes (Z) are surrounded by endothelial cytoplasmic 
(P). Lumen of capillary (CZ), endothelial cell (ZC), 
asement membrane (BM), extravascular space (ES). (x ¢. 4,670) 


of the endothelial cell. After separation of leucocyte 
and endothelial cell by as much as 300 A., new 
basement membrane forms between therm and is con- 
tinuous with the old. Simultaneously old basement 
membrane adjacent to the leucocyte becomes smudged 
and frayed and gradually melts away, releasing the 
leucocyte into the extravascular space. 

Only rarely are interruptions seen in the continuity 
of either endothelial cell or basement membrane 
during the passage of leucocytes through them. In 
most instances, both endothelial cell and basement 
membrane are continuous and are re-formed behind 
the leucocyte before either is breached ahead of it. 
That the process is highly selective is demonstrated 
by the fact that segmented leucocytes are involved 
predominantly. The nature of this selectivity was 
not determined in the present work; it may be 
related to humoral factors acting on either the 
leucocyte or the endothelium. Agents which affect 
the degree or extent of inflammatory exudation may 
act on the endothelial cell. 

The exact processes of margination and emigration 
described here may not occur in all species and for 
all inflammatory stimuli. Preliminary observations 
suggest that species variations may exist. Under the 
conditions of the experiment described here, however, 
the endothelial cell appears to play a very active 
part in these processes. Full details of this work will 
be published in the American Journal of Pathology. 

J. R. WILLIAMSON 
J. W. GrisHamM 
Department of Pathology, 
Washington University School of Medicine, 
St. Louis, Missouri. 


Blood Corticotrophin in Cushing’s 
Syndrome 


Previous work on the level of blood corticotrophin 
in cases of Cushing’s syndrome has been scanty and 
has not involved a full-scale bioassay of concentrated 
extracts used at sufficiently high dose-levels. Some 
of the early work on this subject was reviewed 
by Loraine’ and semiquantitative values for four 
Cushing’s patients have been given by Clayton®. 


‘| 
| 
| 
of 
m 
8; 
on 
ere 
hr. 
2, 
of | 
the 
| 
nd 
of | 
tal 
the | 
of 
La 
nt | 
10- 
| 
| 


1204 


From our experiments, values are given for the 
corticotrophin content of blood from two patients 
with Cushing’s syndrome and from normal and 
hypertensive subjects. 

Corticotrophin was extracted from large volumes 
of blood (500-1,000 ml.), collected between 10 and 
1l a.m. The blood was run directly into glacial 
acetic acid to prevent possible enzymic destruction 
of the hormone*. In order to concentrate it for 
bioassay the corticotrophin was extracted by adsorp- 
tion on oxycellulose followed by elution with 0-1 N 
hydrochloric acid by Astwood’s method‘ as modified 
for blood by Sydnor and Sayers*. The latter obtained 
an 85 per cent recovery of corticotrophin added to 
hypophysectomized rat blood. In our experiments, 
the eluate was stirred with moist ‘De-acidite FF’ 
resin (carbonate form), sufficient being added to bring 
the pH to 2-7. The solution was then freeze-dried, 
stored dry over phosphorus pentoxide at 4° C. and 
was re-dissolved in 0-9 per cent saline, acidified with 
a trace of 0-01 N hydrochloric acid, for intravenous 
injection into rats. 

The blood concentrates were assayed by their 
action in depleting adrenal ascorbic acid in hydro- 
cortisone-treated rats*-*. Our assays involved the 
use of 30 rats and compared the effect of three dose- 
levels of the blood concentrates with three dose- 
levels (0-13, 0-40, 1-2 mv.) [1 milliunit (1 mv.) = 
1/1,000 1.u.] of the 2nd International Standard 
for corticotrophin. The highest dose of the concen- 
trate was equivalent to at least 50 ml. of blood. 
The accuracy was satisfactory for a bioassay method, 
average limits of error calculated at the 5 per cent 
level being 58-165 per cent. Results are given in 


Table 1. 
Table 1. CorTICOTROPHIN CONTENT OF HUMAN BLOOD 
Potency | Limits of 
Volume | of blood | error ex- Blood 
Type of Sex and | of blood | concen- | pressed as | cortico- 
patient age (yr.) | concen-/| trate percent- | trophin 
trated inrat | age of the | mv.t/100 
(ml.) assay potency? | ml. blood 
1 M 30 
1 F 34 1,080 0-77 43-131 0-71 
Normal* 1 F 37 
1 M 35 9 
Il 1M 40 | 1,000 0-58 43-232 0-71 
Hyper- 
tensive M 51) 1,000 0-59 55-183 0-72 
Cushing’s | 
case 1 | F 38 750 1-31 74-1385 | 2-16 
Cushing’s | } 
case 2 M 44 450 0-81 74-136 1-80 
| | 


* Blood was pooled from 3 and 2 individuals. 
+ Calculatec at 5 per cent level. 
t1 mv. —1/1,000 Lv. 


In normal subjects, Sydnor et al.* and Paris et al.'° 
believed from their experimental work that the 
corticotrophin content of blood was less than 0-5 mu./ 
100 ml. Levels of 30-200 mv./100 ml. reported by 
Bornstein et al." have been criticized by Loraine’, 
who suggested that these levels would have been 
accompanied by clinical features of adrenocortical 
hyperfunction. 

It seems unlikely that the high values for our two 
Cushing’s patients are caused by hypertension (see 
Table 1). Clearly more cases should be studied in 
greater detail, with values before and after treatment 
correlated with the pathology of the adrenal and 
pituitary glands. 
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This research pi e has been supported by 
@ grant to one a us (A. R. C.) from the Scottish 
Hospital Endowments Research Trust. 

Beryt M. A. Davies* 
A. R. 
T. SyMINGTON 
University Department of Pathology, 
Royal Infirmary, 
Glasgow. 
Fund. Lincoln's Fields. Condom We. 2 
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RADIOBIOLOGY 


A Sexual Difference in the Concentration of 
fodine-I31 by the Submaxillary Gland of Mice 


A sSExvAL dimorphism in the submaxillary gland 
of mice has been described by Lacassagne'. In the 
male the secretory tubuli are more developed than 
in the female. This difference has since been reported 
as depending on endocrine glands?-*. 

Human saliva concentrates iodine-131 (ref. 5). Since 
this demonstration, experiments have been carried 
out on the iodine-concentrating capacity of salivary 
glands. Logothetopoulos and Myant* established 
this fact for the submaxillary gland of mice and it was 
shown that the degree of concentration is related to 
the strain of the animals’. Radioautographic studies* 
led to the conclusion that the secretory tubuli are 
the structures of the gland which concentrate iodine. 


Table 1 


Total iodine-131 per mgm. of submaxillary tissue | 
Total iodine-131 per mgm. of blood 


Males Females P 
No. of Mean + S.E. No. of Mean + S.E. 
animals animals 
< 001 | 
| 61 | 5-25 + 0-31 40 3-89 + 0-32 | 


In the present communication we report our find- 
ings on the sexual difference in the iodine-concentrat - 
ing capacity of submaxillary glands of mice. 

Sixty-one male and forty female C3H mice were 
injected intraperitoneally with 5 ue. of carrier-free 
solution of iodine-131. 1 hr. later the submaxillary 
gland was removed and blood collected under ether 
anesthesia. The glands and blood were weighed 
and radioactivity measured in a well counter. The 
ratio : 

total '*I per mgm. submaxillary tissue 
total #*‘I per mgm. blood 
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was taken as a measure of the degree to which sub- 
maxillary tissue is able to concentrate iodine. 

The results are given in Table 1. 

These results show that there is a sexual difference 
in the capacity to concentrate iodine by the submaxil- 
lary gland of mice. 
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J. L. 
J. H. TRAMEZZANI 
J. R. CorpEro FuNES 


Laboratorio de Neurobiologia, 
Instituto de Biologia y Medicina Experimental, 
Obligado 2490, Buenos Aires, 
Argentina. 


1Lacassagne, A., C.R. Soc. Biol., Paris, 188, 180 (1940). 

* Lacassagne, A., C.R. Soc. Biol., Paris, 188, 539 (1940). 

*Leblond, C. P., and Grad, B., Anat. Rec., 100, 750 (1948). 
‘Raynaud, J., C.R. Soc. Biol., Paris, 148, 23 (1954). 

‘ a J., Myant, N. B., and Rowland, E. N., Cli. Sct., 11, 447 


—- J. H., and Myant, N. B., J. Physiol., 134, 189 
’ Touts A. Potter, G. D., and Chaikoff, I. L., Endocrinol., 64, 1038 


Uptake of Magnesium-28 by the Skeleton 
of a Sheep 


In order to find the cause of hypomagnesemia in 
adult ruminants, it is necessary to have a better 
understanding of the mechanism controlling mag- 
nesium-levels in blood and particularly the relation- 
ship between bone and blood magnesium. Bone from 
cows suffering from hypomagnesemia showed no 
depletion of magnesium’, and this has led to the 
theory that the lability of bone magnesium is much 
reduced in adult animals*. There are no figures in 
the literature, however, for either the amount or the 
rate of mobilization of skeletal magnesium in adult 
ruminants, but such data can be obtained from work 
on the uptake of radioactive magnesium by bone. 
Because of the short half-life of magnesium-28, 
only that part of the bone magnesium which is 
rapidly exchanged with the magnesium of plasma 
and other body fluids can be measured. 

After six days on a constant diet of grass nuts 
containing 1-2 gm. of magnesium, a five-year-old 
Greyface wether, weighing about 65 kgm., was 
given 40-60 uc. carrier-free magnesium-28 as the 
chloride into the jugular vein. 10 hr. later, immedi- 
ately after sampling the blood, the sheep was killed 
by exsanguination under nembutal anzsthesia, and 
duplicate samples of bone, free so far as possible 
from blood and bone marrow, were taken from various 
parts of the skeleton and their radioactivity determ- 
ined the same day in a _ well-type scintillation 
counter. 

The values obtained for the caicium—magnesium 
ratio and specific activity of the samples of selected 
bones are given in Table 1. The specific activities 
are expressed both as the percentage of dose x 10? 
per mgm. of total magnesium and as the percentage 
of the specific activity of the plasma, the latter being 
&@ measure of the proportion of bone magnesium 
which has exchanged with the magnesium of body 
fluids during the 10-hr. period. 

A marked variation in specific activity froin bone 
to bone was observed and was greater in regions of 
rapid bone metabolism than in compact bone. Thus 
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Table 1. RATIO OF CALCIUM TO MAGNESIUM IN THE SELECTED BONES 
AND THEIR UPTAKE OF MAGNESIUM-28 AT 10 HR, AFTER INTRAVENOUS 


ADMINISTRATION 
Specific activity | Specific activity 
Calcium/ | (percentage of | (as percentages 
Bone magnesium | dose) ( x 10* of specific activ- 
mgm. mag- ity of plasma) 
nesium) 
Femur shaft 57 0-048 0-86 
Femur epiphysis 52 0-130 23 
Rib shaft 56 0-079 1-4 
Rib sternal end 46 0-129 23 
Lumbar vertebra 46 0-099 1-7 


the sternal end of the rib and the epiphysis of the 
femur showed the greatest exchange and the femur 
shaft the lowest. 

The over-all percentage of bone magnesium in 
equilibrium with the magnesium in the body fluids 
was low; the values for the samples of individual 
bones ranged from 0-86 to 2-3 per cent. The limiting 
factor may be the exchange-rate itself or the amount 
of bone magnesium which is available for exchange. 
It is interesting to note that the variation in specific 
activity of individual bones was in the same order 
as the degree of magnesium depletion in the corre- 
sponding bones from magnesium-depleted calves*. 

There are no analytical figures in the literature 
for the magnesium content of the skeleton of either 
adult cattle or sheep. Estimates can be made from 
the calcium content of the skeleton of dairy cows‘ 
and sheep, and the calcium—magnesium ratio in bone. 
The calculated values for cows range from 90 to 
160 gm. depending on the size of the animal, and 
for sheep from 8 to 10 gm.; the figures for sheep 
are based on only three analyses. If the reserves of 
bone magnesium are assumed to be the same as the 
percentage of bone magnesium which has later 
reached equilibrium with the magnesium of body 
fluids, namely, 2 per cent, the skeleton of dairy cows 
contains 1-8-3 gm. of magnesium which can be 
released to satisfy physiological needs, that is, enough 
for 3-5 gallons of milk. In the case of sheep, the 
reserves (160-200 mgm.) are equivalent to the 
endogenous fecal loss for 1 day’. The lactating 
animal may be more efficient in mobilizing bone 
magnesium than the non-lactating animal, since the 
resorption of bone mineral to provide the calcium 
necessary for lactation will also release magnesium®. 
This effect, however, will be small beca:ise of the wide 
ratio of calcium to magnesium in bone and the fact 
that the release of calcium from bone is small, 
for example, less than 20 gm. a day for dairy 
cows*. 

My thanks are due to Dr. J. R. Greening and Mr. P. 
Tothill, Department of Medical Physics, University 
of Edinburgh, for valuable help. 


ALEXANDER C. FIELD 


Animal Diseases Research Association, 
Moredun Institute, 
Gilmerton, 
Edinburgh. 
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BIOLOGY 


Effect of Chelating Agents on Plasmodium 
Formation by the True Slime Mould, 
Didymium nigripes 


Spores of Didymium nigripes, a true slime mould, 
germinate to liberate myxamcebe which multiply 
by binary fission. After a period of exponential 
growth, the uninucleate myxamecebe fuse to form 
macroscopic, multinucleate veins of rhythmically 
flowing protoplasm called plasmodia. Following an 
indefinite period of growth, the plasmodia differen- 
tiate into spore-containing fruiting bodies. Kerr and 
Sussman! grew D. nigripes in monoxenic culture with 
Aerobacter aerogenes on a dilute glucose—peptone—yeast 
extract agar medium buffered with phosphate at 
pH 6-2 (hereafter called GPY/5). All stages of the 
life-cycle were regularly reproduced in less than 
7 days. When 0-25 per cent (w/v) brucine was added 
to the GPY/5, plasmodia did not appear. Instead, 
the myxamcebe remained indefinitely as such and 
could be sub-cultured as amcebe. The myxamcebe 
quickly formed plasmodia when harvested from the 
GPY/5-brucine plates and washed by differential 
centrifugation. 

The morphogenesis of uninucleate myxamcebe to 
multinucleate plasmodia is one of the most interesting, 
but least understood, stages in the life-cycle of the 
true slime moulds. According to Cadman? and Ross?, 
plasmodium formation involves the pair-wise fusion 
of myxamceebe as gametes to form zygotes. Pre- 
sumably the zygotes develop inte plasmodia by 
growth, nuclear division, and fusion with other 
zygotes. Since an understanding of this morpho- 
genesis is an essential prerequisite to studies on the 
genetic life-cycle, and to studies of heterokaryosis 
and nuclear-cytoplasmic interrelationships in the 
plasmodium, an elucidation of its mechanics has been 
undertaken. The mechanism by which brucine 
inhibits plasmodium formation was studied in the 
hope that it would yield information on the normal 
process of plasmodium formation. 

One possible action of brucine might be to stim- 
ulate the bacterial associate to produce a metabolite 
which in turn would inhibit plasmodium formation. 
This possibility was tested by growing myxamcebe 
on GPY/5-brucine with a variety of bacterial asso- 
ciates, including Escherichia coli, Sarcina lutea, 
Pseudomonas fluorescens and Aerobacter aerogenes. 
Plasmodia did not appear in any instance. It 
therefore seemed probable that brucine was acting 
directly on the myxamcer>e rather than via the 
bacterial associate. 

Several lines of evidence indicated that brucine 
might be inhibiting plasmodium formation by 
chelating with ions in the medium. First, although 
the medium used was saturated by 0-1 per cent (w/v) 
brucine, the inhibitory action of brucine became 
more and more complete as its concentration was 
raised to 0:25 per cent. ‘This might be expected if 
brucine were acting as a chelating agent, but noé if 
it were acting as a metabolic inhibitor. Second, 
brucine inhibits the formation of plasmodia rather 
than plasmodia themselves, for if plasmedia are 
sub-cultured on GPY/5-brucine, they grow and fruit 
normally. Third, the density of myxamcebe pro- 
foundly influences the number of plasmod:a which 
they form. Even in the absence of brucine, plasmo- 


dium formation was delayed when the myxamcebe 
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quickly reached a high density. Plasmodia appeared 
in greatest number when the myxameoebe exhausted 
their bacterial food supply while still at a relativels 
low density. Brucine-inhibition was complete only 
when the myxamecebe covered the entire plate at 
high density before exhausting their food supply ; 
when myxamcebe were plated clonally on GPY/5. 
brucine, occasional plasmodia appeared. 

As a result of these observations, experiments were 
devised to test the hypothesis that multivalent 
cations are essential to plasmodium formation. The 
results are reported in Table 1. Chelating agents 
were added to GPY/5 media which were spread with 
spores of D. nigripes and 0-3 ml. of a broth culture 
of A. aerogenes. In each case the pH was adjusted 
to 6-0-6-5. The plates were incubated at 22° C. 
for 4 days and then scored for growth of myxamcebe 
and appearance of plasmodia. Tetrasodium ethyl- 
enediamine tetraacetic acid at 10-? M completely 
prevented the formation of plasmodia, even when the 
spores gave rise to clones. Either 10-* M Mn* or 
10-° M Fe*+ reversed the inhibition of ethylene- 
diamine tetraacetic acid to permit numbers of plas- 
modia to form. None of the other ions tested was 
effective. Other chelating agents, including sodium 
citrate, were also effective in inhibiting plasmodium 
formation. 


Table 1. THe GROWTH OF MYXAM@BH AND APPEARANCE OF 
PLASMODIA ON GPY/5 MEDIA TO WHICH VARIOUS AGENTS HAD BEEN 
ADDED 

Addition Amebe  Plasmodia 

Control +++ +++ 
0-25 per cent (w/v) brucine +++ 0 
O-1M ium citrate ++ 0 
10-* M Ethylenediamine tetraacetate acid ++ 0 
5 x 10-* M Ethylenediamine tetraacetic acid +++ 7 
10-* M Ethylenediamine tetraacetic acid 

+ 10-* M calcium chloride ++ 0 

+ 10-* M strontium chloride ++ 0 

+ 10-* M magnesium chloride ++ 0 

+ 10-* M manganese chloride ++ ++ 

+ 10-* M ferrous chloride ++ ++ 


The experimental results thus confirm the hypo- 
thesis that multivalent cations are necessary for 
plasmodium formation. A likely mode of action of 
brucine is as a chelating agent, removing these ions 
from the medium. 

The development of a technique which will measure 
plasmodium formation in a quantitative manner is 
in progress. These experiments will be reported 
elsewhere. 

This work was supported by a grant from the 
Graduate School of the University of Minnesota and 
by a grant from the National Science Foundation. 

Norman 8S. KERR 

Department of Zoology, 

University of Minnesota, 

Minneapolis 14. 
‘Kerr, N. S., and Sussman, M., J. Gen. Microbiol., 19, 173 (1958). 
*Cadman, E. J., Roy. Soc. Edin. Trans., 57, 93 (1931). 
* Ross, I. K., Amer. J. Bot., 44, 843 (1957). 


Effect of Extracts from Fucoids in 
promoting Settlement of Epiphytic 
Polyzoa 

In a previous communication! it was suggested 
that the simple ciliated larve of some species of 
sedentary organisms might respond to qualitative 
differences in bacterial films formed on surfaces 
immersed in the sea, as was suggested by Wilson 
to explain the behaviour of the larve of Ophelia 
bicornis Savigny*. 
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Nc. 4757 
Table 1. SETTLEMENT OF Alcyonidium polyoum ON TREATED INERT 
SURFACES 
Type of surface No. settled in ar Total No. of 
qd) (2) (3) settled larve 
Unfilmed surface 5 3 3 ll 


surface filmed by stand- 
ing in sea water for 24 hr. 1 

surface similarly filmed 

and treated with extract 

of Fucus serratus in 

distilled water 90 46 26t 
*Treated with distilled water for 2 hr. after filming. 
+ Extract of Fucus made up in sea water. 


+* 0 5 
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Table Ratio OF NUMBER OF LARVA OF Alcyonidium polyoum 
--—F- ON FILMS TREATED WITH ALGAL EXTRACTS (m4) IN CoM- 
PARISON WITH SETTLEMENT ON FILMS TREATED WITH F. serratus (nF) 


Algal extract of : Ratio najnF 


Fucus serrat = 

Fucus vesiculosus “04 

Ascophyllum nodosum 1-72 Probably effective 
Pelvetia canaliculata 0-63 

Fucus spiralis 0-09 

Laminaria digitata 0-25 

Ulva lactuca 0-04 Not effective 
Gigartina stellata 0-00 

Control 0-22 


Some recent experiments with the larve of the 
polyzoan Alcyonidium poly youm (Hassall) have con- 
firmed this. This species normally occurs on the 
fronds of Fucus serratus L., and its larve settle 
preferentially on fronds of this and related fucoids 
when offered a choice of different algal fronds’. 
When these larve were placed in a glass vessel and 
offered small rectangular pieces of inert material for 
settlement, as described in a previous communication}, 
they tended to avoid filmed surfaces, as did the larve 
of Bugula flabellata, though they did not settle very 
readily on unfilmed,,surfaces. However, when the 
filmed surfaces were treated beforehand with an 
extract of Fucus serratus they become very attractive 
to the larve, as can be seen from Table 1. Extracts 
of other algze were tested in the same way, but only 
certain species were regularly effective in promoting 
settlement. It can be seen from Table 2 that those 
species which promoted settlement all belonged to 
the Fucaceae. Of the most attractive sources, Fucus 
serratus L., Fucus vesiculosus L. and Ascophyllum 
nodosum (L.) le Jol, only F. serratus normally bears 
colonies of Alcyonidium. Perhaps the other two 
fucoids occur too high up the shore, or do not liberate 
the active principle on to the surface of the thallus. 
Similar results have also been obtained using the 
larve of the closely related polyzoan Flustrellidra 
hispida (Fabricius). 

The settlement of these larve seems not to be due 
to any physical proper+v of the film, such as its 
thickness, since, in the ...sexce of Fucus extract, 
filmed surfaces are not attractive. However, when 
unfilmed surfaces were briefly treated with the 
extracts they did not attract the larve strongly; only 
filmed panels could be made artificially favourable 
for settlement. 

The bacterial film is therefore necessary to promote 
good settlement, but it must be treated with the 
extract. The simplest hypothesis is that the active 
principle is transferred to the film, and, as it diffuses 
out, it attracts the larve. Other mechanisms which 
may lead to larval recognition are possible, however ; 
for example, the existing bacterial film may modify 
substances present in the Fucus extract, or the 
bacterial flora of the film itself may be altered in the 
presence of an extract of Fucus. The mechanism by 
which the larve of Alcyonidium polyoum and Flus- 
trellidra hispida recognize the treated film is now 
being investigated, while similar phenomena are 
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being sought in the settlement behaviour of other 
marine larve. 
D. J. Crisp 
G. B. 
Marine Biology Station, 
Menai Bridge, 
Anglesey. 
‘Crisp, D. J., and Ryland, J. S., Nature, 185, 19 (1960). 
* Wilson, D. P., J. Mar. Biol. Assoc. U.K., 84, 531 (1955). 
? Ryland, J. S., J. Exp. Biol., 36, 613 (1959). 


Sex Hormones as a Possible Factor 
influencing the Level of Parasitization 
in Frogs 
LarcE numbers of frogs (Rana temporaria) have 
been examined for helminth parasites during the 
period 1956-60. On analysing the results of these 
investigations, it was found that the level of parasiti- 
zation in male frogs during and immediately befor 3 
the breeding season was considerably higher than 
that in females. This difference between the levels 
of parasitization in the two sexes was particularly 
marked in the case of the trematodes, Polystoma 
integerrimum and Gorgoderina vitelliloba, the nema- 
tode, Rhabdias bufonis, and the acanthocephalan, 
Acanthocephalus ranae. After the breeding season, 
the difference became less marked. This is evident 
from Table 1, which is based on the results obtained 
by examining approximately 500 frogs from a single 
locality, over a period of four years. 


Table 1. LEVELS OF PARASITIZATION OF MALE AND FEMALE FROGS 
DURING AND OUTSIDE THE BREEDING SEASON 
Percentage of frogs Percentage of frogs 
parasitized during parasitized during 
Species of parasite | January and February April and May 
Males Females Males Females 
Trematodes 
Polystoma integer- 
rimum 14-0 8-1 16:1 17-0 
Gorgoderina 
vitelliloba 10-2 5-3 12-8 76 
Dolichosaccus 
rastellus 8-9 10-2 53 6-2 
Haplometra 
cylindracea 49-6 41°8 53-0 44-4 
Nematodes 
Rhabdias bufonis 29-4 47:8 87-4 
0. locruzia 
filiformis 82-3 76-9 74-2 
| Cosmocerca ornata | 94-1 88-4 92-3 
Acanthocephala 
Acanthocephalus 
ranae 13-4 8-0 22-5 24-0 


Similar, although less conclusive, results have been 
obtained by Markov! and Mazurmovich*. 

The difference in parasitization-levels of male and 
female frogs, well marked in the breeding season and 
much less well marked at a time of the year when 
the gonads have suffered regression, may be explained 
by assuming that the female sex hormones depress 
the level of parasitization in some way or other. In 
order to test this particular hypothesis we took fifty 
male frogs from a population known to be heavily 
parasitized with helminths, and injected half of them 
with cestradiol benzoate (B.P.) in 20 per cent ethyl 
oleate and 80 per cent arachis oil. The other half were 
regarded as controls. The experimental series were 
given 0-5 mgm. of cestradiol benzoate in 0-1 mgm. 
doses over a period of 12 days. At the end of three 
weeks both the experimental and control frogs were 
killed and examined for helminths. 
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Table 2. COMPARISON OF PARASITIZATION-LEVELS IN MALE FROGS 
TREATED WITH (ESTRADIOL AND UNTREATED FROGS 


pecies of parasi experimental frogs 
parasitized 
N Trematodes 
Polystoma integerrimum 16 4 
Gorgoderina vitelliloba 24 2 
Dolichosaccus rastellus 12 0 
Haplometra cylindracea 56 40 
Nematodes 
Rhabdias bufonis 64 32 
Oswaldocruzia filiformis 80 72 
Cos mocerca ornata 90 72 
Acanthocephala 
Acanthocephalus ranae 20 8 


The results of this examination are given in Table 2 

The results of these preliminary experiments 
suggest that the presence of the female hormone, 
estradiol, in the tissues and fluids of the host does 
lead to a depression of the level of parasitization by 
helminths. We propose to investigate this pheno- 
menon in more detail. 


E. Less 
L. Bass 
Department of Biological Sciences, 
Institute of Technology, 
Bradford. 
‘Markov G. 8., and Rogosa, M. L., C.R. Acad. Sci., U.S.S.R., 
65, 417 (1960). 


* Mazurmovich, B. N., “‘Paraziticheskie Chervi Amfibii” (Kiev, 1951). 


Mobility of Barnacles 


Ir a young barnacle is removed from a surface the 
remains of the antennal suckers, marking the point 
at which the individual cemented itself as a cypris 
larva, may sometimes be found near the centre of its 
base. It has generally been assumed that this point 
of basal attachment is fixed. The position selected by 
the barnacle, when a larva, would then always be 
included within the outline of its base, though not 
necessarily at the centre, for if growth were not 
radially symmetrical the original point of attachment 
might become eccentric. 

Recent experiments have been carried out in which 
the growth of operculate barnacles has been followed 
after they have settled on transparent plates. These 
observations show quite clearly that such animals 
possess a limited mobility when subjected to lateral 
pressure. If one side of a young colony is cleared of 
settlement and kept bare, the individuals forming the 
free edge of the colony will be pushed outwards by 
the growth of the rest. This pressure, exerted over a 
period of several months, can displace the outermost 
individuals a few centimetres from their original 
position. Fig. 1 shows how a young individual can 
be moved through several times its own diameter 
during the first six months of life. Evidently the 
cement layer between the hypodermis and the solid 
surface must slowly be sheared as it allows the shell 
and membranous base to glide along. The advancing 
edge of the base can form new adhesions to the 
substratum in the same way that it does during the 
expansion of the base in normal growth. Rotation 
of the barnacle in response to currents probably 
occurs also in the same manner'. Mobility been 
observed both on smooth and on uneven surfaces. 

Balanus balanoides, in common with other barn- 
acles, has very strong powers of adhesion, so that 
when a number of individuals of about equal size 
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Days after settlement 


Fig. 1. Illustration of the movement of an individual Balanus 
noides (L.) which had settled at a distance of 2-4 cm. from 
the edge of a flat plate and was subjected to lateral pressure 
from other individuals growing .-¥- it (not shown). The 
ordinate gives the distance from the edge of the plate of the 
carinal and rostral ends of the base of the barnacle, the distance 
separating the lines representing its basal diameter. The abscissa 
gives the time which elapsed after settlement. by nee ye | = 
individual illustrated 


come in contact their bases remain attached to the 
solid surface and their sides become pressed together. 
Continued growth is then possible only upwards, 
unless the peripheral individuals can be slid outwards, 
when limited expansion of the whole colony may 
occur under its own two-dimensional pressure. 

When the individuals which come into contact 
are not of the same age or do not belong to the same 
species, the result may be quite different. One 
specimen, usually the older, remains firmly attached, 
while the other is gradually displaced upwards on 
to the advancing shell plates of the former. This 
process can be readily observed when later settlements 
of Elminius modestus insinuate themselves among 
fast-growing spat of Balanus balanoides. The former 
are so completely squeezed out that they may come 
to project above the general level and can be detached 
by a gentle blow. If such individuals survive, their 
elevated position has some advantages, allowing 
more rapid growth and earlier maturity*, and tending 
in the end to cause the underlying individuals to 
become silted up and smothered. 

The ability to adhere strongly to a surface, but at 
the same time to retain sufficient mobility to move a 
short distance or to readjust themselves to alterations 
in the shape of the substratum, has two obvious 
advantages. It allows barnacles to grow on such 
surfaces as the shells of other animals, where there 
are slow relative movements or a gradual expansion 
of the whole area, without the danger of losing their 
adhesion. It also allows them, provided that the 
original settlement was sufficiently heavy, to expand 
into nearby bare spaces on a solid surface which were 
not, for some reason, initially colonized. 

Most barnacles, within their normal geographical 


“range, produce a superabundance of planktonic 


larve, which settle in greater numbers than is 
n for survival. Consequently the factor 
which chiefly limits the size of populations is shortage 
of settling space. Each species must therefore, so far 
as possible, occupy all the surface suitable to it and 
exclude competing organisms. It is in this respect 
that the faculty of limited mobility is of such impor- 
tance. Without it a colony of barnacles would be 
able to occupy only a small area around each of the 
positions initially selected by the cyprids, and 
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empeting organisms would be quite free to settle 
afterwards in any of the spaces left unoccupied. 
Without such mobility young individuals growing 
among larger ones would be easily lifted off. or 
eushed as the older ones crowded them in; this 
indeed may sometimes happen*. The limited degree 
of sliding and adjustment possessed by barnacles 
therefore confers an advantage both to established 
populations, which are able to expand over any 
available space, and also to invading populations of 
new spat, which may in consequence be able to form 
asecond tier of individuals using their competitors as 
an alternative, though mobile, substratum. The 
outcome of such a struggle between species depends 
not only on settlement pattern, population density 
and relative growth-rates, but also on the forces 
operating between the growing edge of the shell of 
each species and the substratum with which they are 
both in contact. 
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D. J. Crisp 


Marine Biology Station, 
Menai Bridge, 
Anglesey. 
‘Moore, H. B., J. Mar. Biol. Assoc. U.K., 20, 279 (1935). Crisp, 
D. J., J. Anim. Ecol., 22, 331 (1953). Crisp, D. J., and Stubbings, 
H. G., tbid., 26, 179 (1957). 
‘Crisp, D. J., and Davies, P. A., J. Mar. Biol. Assoc. U.K., 34, 357 
(1955). Crisp, D. J., J. Anim. Ecol., 29, 95 (1960). 
‘Connell, J. H., Proc. Fifteenth Internat. Cong. Zool. London, 1958, 
3, 290 (1959). 


Mechanism of Change in Permeability in 
Living Membranes 


AN important feature of many excitable cells is 
that their permeability to ions and even to large 
molecules such as aldolase depends on the potential 
difference across the cellular membrane’. Thus, 
in nerve fibres a depolarization leads to a transitory 
increase in sodium permeability (Py), often followed 
by a slower development of an increase in potassium 
permeability (Px). More recent studies of skeletal?.* 
and cardiac (Carmeliet, E., and Weidmann, §&%., 
personal communication) muscle have demonstrated 
an opposite relation between Px and membrane 
potential thet har been designated ‘anomalous rectifi- 
cation’. The purpose of this communication is to 
point out the possibility that the mechanism of these 
changes in permeability may be related to that recently 
proposed on the basis of monomolecular film studies 
of drugs known to affect the ionic permeability of 
natural membranes‘-*. This mechanism is based on 
recently demonstrated physico-chemical principles 
and is susceptible to experimental test. 

Agents such as local anesthetics, designated as 
‘stabilizers’, decrease the permeability of living 
membranes or depress their ability to undergo the 
rapid increase in permeability during excitation!.*. 
They interact with monolayers of lipoidal molecules 
(for example, stearic acid) and thereby add their 
own bulk to the films; thus, molecular packing is 
increased, as reflected by a rise in surface pressure*~*. 
Conversely, compounds called ‘labilizers’ or ‘unstabil- 
ers’, such as certain veratrum alkaloids, increase 
membrane permeability’. These gradually remove 
the lipoidal molecules from the monomolecular films 
and hence reduce packing and surface pressure*.®. 
It has been proposed from such observations and 
others that the degree of packing of membrane 
molecules surrounding a site of ion passage (for 
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example, an intermolecular space) is related inversely 
to (a) the ease of ion transport, and especially (b) to 
the ability of ion transfer to increase during excita- 
tion*, The concept of changes in surface pressure 
through effects in the region adjacent to the locus of 
ion penetration focuses attention on membrane 
organization, which must be mesomorphic, that is, 
intermediate to a liquid and a solid’. Previous 
research has suggested this type of structure® ; 
our recent work also suggests this, for the antagonis- 
tic effects of stabilizers and labilizers became apparent 
in the monolayers when the films are compressed to a 
condition intermediate to that of a liquid and solid’. 

The work on drugs has led to emphasis on electro- 
static and van der Waals interactions between the 
membrane and extrinsic molecules as the basis for 
changes in packing and in permeability. The possi- 
bility of such changes with membrane potential arises 
if the natural membranes contain lipophilic (hydro- 
phobic) cations and anions at low concentration. 
Guastalla et al."' have already shown that relatively 
weak electrical gradients (V./em.) can govern the 
accumulation of such ions at an oil—water interface, 
the speed of the process depending on the intensity of 
the applied field. Natural membranes, with a thick- 
ness of the order of 100 A., have across them a 
‘resting potential’ of about 100 mV. and hence an 
electric field, E, of 100,000 V./em. ; the inner bound- 
ary is normally negative to the exterior*. 

Because of their nature, the lipophilic ions would 
not leave the membrane readily ; therefore they would 
be distributed by the field as shown diagrammatically 
in Fig. 1A. The sketch on the left indicates only the 
ions capable of interacting with membrane molecules 
in the regions of sodium transfer, that on the right 
only those able to affect potassium transport. <A, 
represents a small anion, perhaps with several charges, 
C a large cation with fewer charges, and A, an anion 
comparable in bulk and in number of charges to C. 
One more assumption is inherent in the model, 
namely, that only the outermost interface, M, 
possesses the mesomorphic state required for the 
permeability changes. The deeper region of the 
membrane is regarded as essentially fluid, thereby 
serving as a reservoir of lipophilic ions without 
contributing directly to the permeability changes. 
Experimental evidence for a superficial layer as the 
basis of permeability change in living membranes 
has recently been presented by Shanes and Berman", 
who also direct attention to other indications for this 
in the literature. The concentrations of the ions on 
the inner boundary of the interface regulate their 
degree of interaction with M. 

Fig. 1B indicates an intermediate stage in the 
redistribution of the hydrophobic ions during @ 
sudden depolarization of the membrane. A,, by 
virtue of size and charge, responds most rapidly to 
the alteration in Z. As it moves out of M, Pya 
increases. If the depolarization is sustained, as shown 
in the lowermost part of Fig. 1, C becomes more 
uniformly distributed and so enters M and reduces 
Pya again. Such a secondary decrease in Py, is 
well known and has been designated ‘inactivation’. 
Finally, as A, leaves M, Px increases. If, in addition 
to or instead of A, cations were available comparable 
to C but more effective and able to enter the regions 
of potassium transport, then instead of the more 
familiar increase in Px (and membrane conductance) 
with depolarization, that is, delayed rectification, a 
decrease would be obtained, that is, anomalous 
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Fig. Hypothetical meen of the distribution of lipo- 
philic cations and anions in a resting, normally polarized excitable 
membrane (A) and during two euccessive periods of a moderate 
depo! tion. M is an outer mesomorphic region susceptible to 
change in permeability by interaction with drugs or with the lipo- 
philic anions (A,, removal of which increases PNa, and A,, removal 
of which increases Px) and cations (C, entry of which causes 
inactivation, that is, a secondary decrease in Pna). The negative 
sites in M are molecular groups that contribute to cation select- 
ivity; they are shown as partly occupied by calcium in the 

normally polarized cell 


rectification. From this point of view, then, anomal- 
ous rectification is similar to the inactivation process 
for sodium, but apparently more effective inasmuch 
as permeability to potassium is lowered below the 
resting level. However, this difference in the inactiva- 
tion processes might be merely a reflexion of a 
deficit in Ay, a deficit which makes Px at rest com- 
parable t) Py, after A, has been partly removed. 
S. Weidmann’s observation (personal communica- 
tion) that potassium depolarization produces relatively 
little increase in the membrane conductance of 
Purkinje fibres appears in keeping with this. 

It would be premature to contend that all changes in 
permeability can be ascribed to one principle. For 
example, it is possible that at least part of the increase 
in permeabilities during depolarization is a conse- 
quence of removal of calcium ions from superficial 
sites concerned with ion passage’®. Such removal 
could increase permeability by allowing the mono- 
valent ions to penetrate at these points ; in addition, 
it is possible that calcium removal exposes adjacent 
negative groups of neighbouring molecules in the 
membrane, which are thereby driven apart to admit 
sodium and potassium ions and perhaps large mole- 
cules as well. In keeping with these proposals, lower- 
ing of pH also accomplishes a reduction in ion 
permeability*. Note, however, another possible 
role for calcium (and hydrogen) ions in Fig. 1. By 


neutralizing negative groups of the membrane 
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molecules in M, calcium could reduce the repulsion of 
anions and so enhance the entry of A, and A, into 
M, thereby lowering the permeability to sodium and 
potassium ; concurrently, the attraction for cations 
would be reduced, thereby decreasing the entry of 
C into M and hence suppressing inactivation. This 
provides an electrostatic basis for the similarity 
between calcium deprivation and depolarization jn 
respect of their effects on permeabilities and on 

It is necessary to set up working models employing 
the principles that have been outlined to determine 
to what extent the kinetics of changes in permeability 
in living systems can be duplicated. A possible test 
of the validity of the proposed hypothesis would be 
to determine whether the effects of various lipophilic 
ions, for example, tetraethylammonium and tetra- 
butylammonium, which have been striking in some 
excitable cells'®.”, give evidence of being modified 
in a predictable manner by alterations in membrane 
potential. 
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A. M. SHANEs 


National Institute of Arthritis and 
Metabolic Diseases, 
National Institutes of Health, 
Public Health Service, 
Bethesda, Maryland. 
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Colchi-Autotetraploidy in Adiantum 
capillus-veneris 


FERNS are well known for possessing polyploid 
complexes, but we do not know of any instance where 
Howard and Manton’s' method has been used for 
analysis of their genome relations and elucidation of 
their nature of polyploidy. The primary reason for 
this appears to be the difficulties involved in raising 
autotetraploids in ferns. So far the standard practice 
has been to raise such strains by apospory*. Manton’ 
alone made a meiotic analysis of the autopolyploid 
series in Osmunda regalis L. following this method and 
found reasonably high degree of multivalents. 

The aposporous method of raising autopolyploids 
has certain inherent limitations in that it is laborious, 
time-consuming and above all it is uncertain. On the 
other hand, colchicine treatment is the most sure 
method available at present for inducing polyploidy. 
However, so far there has been a solitary attempt by 
Panigrahi‘, who applied cclvhicine to the young 
embryos of Cyclosorus repandulus (v.A.v.R.) Ching 
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at the three-leaved stage, but could only obtain a 
goctorial chimera as evidenced by root tip smears 
hile no fronds were borne on it. We have treated 
with colchicine the rhizomes of a few locally available 
fens. Besides easy manipulation, the rhizome 
ireatment gives quick results and eliminates the 
long time that is usually required for the sporophytes 
to reach maturity in case of spore, sporeling and 
embryo treatments. Of the three methods tried 
(immersion in aqueous solution of colchicine, lanolin 
paste and injections) we find the immersion in 0-5 
per cent solution for nearly 48 hr. to be uniformly 
wecessful. ‘The rhizomes were not defoliated because 
otherwise the first leaves produced would be sterile 
and also the rhizomes usually die after treatment 
when defoliated. The present account deals with the 
rsults on Adiantum capillus-veneris L. Here the 
new fronds start appearing within about three weeks 
after treatment. A morphological comparison with 
the controls treated similarly with distilled water 
revealed that autotetraploids, though smaller in size, 
show the usual gigas characters (thickness of rachis 
and lamina, stomatal size). 

During meiosis the controls show invariably 30 
bivalents (Fig. 1). The autotetraploids possess 
quadrivalents and bivalents. An analysis of ten 
exceptionally clear cells reveals that the number of 
quadrivalents ranges from 13 to 10 and the bivalents 
from 34 to 40. The average associations are 12;y + 
36,, (Fig. 2). The quadrivalents are in the form of 
rings or chains and possess almost completely 
terminalized chiasmata at diakinesis. The high 
degree of terminalization may also augment the 
normal disjunction during anaphases. In one case 
two bivalents showed early disjunction. Meiosis is 
perfectly normal and apparently normal spores result. 
In Osmunda regalis* the percentage of quadrivalents 


[per cell is nearly 66, while in the presceat case it is 


about 40, and trivalents are absent. The difference 
may be due to the smaller size of the chromosomes 
in the latter. 

As indicated above, the spores are well filled and 
apparently normal. Sixty-four spores result in each 
sporangium. Interesting enough is the presence 
among them of about 3—5 per cent spores with bilateral 
symmetry, while the rule for the species and the genus 
is tetrahedral. Perhaps this may be due to the 
colchicine action. It is pertinent to mention here that 
Mehra and Loyal® have observed another aberration, 
namely, branched rhizoids, being caused by colchicine 
action in the sporelings of Goniopteris prolifera Roxb. 
The change in symmetry of the spores is not due to the 
polyploid condition, because no such aberration has 
been found in any of the polyploid ferns discovered 
so far in Nature. 
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Fig. 1. Diakinesis in spore-mother-cell Adiantum 
capillus-veneris,n = 30. (x 1,000) 


9 


Fig. 2. Diakinesis in spore-mother-cell of autotetraploid Adiantum 
capillus-veneris, showing 131V + 3411. (x 600) 


The present findings reveal that the rhizome treat- 
ment has obvious advantages over the uncertain 
method of apospory. Here in the meristem there is a 
single apical cell, the products of which give rise to 
the leaf and root primordia. Hence once the apical 
cell is rendered polyploid, all the subsequent fronds 
will naturally be autopolyploids, some of which will 
be fertile. The resulting spores should normally 
yield diploid gametophytes which can be used for 
crossing with natural tetraploids. 

The occurrence of perfectly normal disjunction and 
well-filled and apparently normal spores by the auto- 
tetraploid in Adiantum capillus-veneris is rather 
important. The reason for this may lie in the fact 
that the present species is diploid throughout its 
range, and that in the genus there already exist 
potentialities for polyploidy up to the hexaploid* 
(apogamous) level. Furthermore, the heterozygous 
nature of this horticultural fern is an additional 
point in favour. These are the two important points 
that are usually taken into consideration before 
embarking on a programme of induced autopoly- 
ploidy. 

Apart from assessing the role of autopolyploidy 
in the evolution of ferns, the autopolyploids will also 
be useful in producing autotriploids from which 
trisomic lines for genetic studies may be raised. 
Their use in biosystematic studies of the fern poly- 
ploid complexes is of course unquestioned. The 
details of this work will appear elsewhere. 

We are indebted to Prof. P. N. Mehra for advice, 
and to Dr. T. N. Khoshoo for criticism. 

S. C. Verma 
D. 8. Loyat 
Botany Department, 
Panjab University, Chandigarh, 3. 
* Howard. H. W., and gyorg bet IL, = Bot., N.S., 10, 1 (1946). 
* Heilbronn, A., zZ. Ind, ~— 2, 830 (1927). Lawton, 
E., Amer, J. Bot., 18, 503 (1032) 5 107 (1936). Manton, L., 
J. Genet., 3, 423 (1932). 
* Manton, I., “Problems of Cytology and Evolution in the Pterido- 
phyta” (Cambridge Univ. Press, 1950). 
* Panigrahi, G., Curr. Sci., 24, 238 (1955). 
5 Mebra, P. N., and Loyal, D. S., Ann, Bot., N.S., 20, 544 (1956). 
® Mest and Sledge, W. A., Phil. Trans, Roy. Soc., B, 238, 127 


A 

> 

| 4 

\ 

R 

Xa 

= 

im ‘ 
| 

vial 


1212 


MICROBIOLOGY 


Alleged Transformation of Yeast 
CRUDE preparations of deoxyribonucleic acid from 
one yeast strain, called the donor, sometimes appear 
to confer fermentation properties of the cell on a 
second strain, the accepter, when added to the growth 


medium'-*. For exampie, waen a yeast which did 
not ferment sucrose was grown in wort containing a 
preparation of deoxyribonucleic acid derived from a 
sucrose-fermenting strain, the transfer of part of the 
culture to a bijou bottle containing sucrose dissolved in 
yeast water (3 per cent ‘Difco’ yeast extract in water) 
resulted in fermentation. Single-cell isolates obtained 
from the treated yeast, which had been serially sub- 
cultured through the same medium, also fermented 
sucrose, and on crossing with the original acceptor 
strain gave Mendelian segregation of sucrose- 
fermenting power. These observations were ex- 
plained'-* by assuming that nuclear transformations 
akin to that already observed in various bacterial 
species*-* had been induced in the acceptor yeast by 
the deoxyribonucleic acid from the donor. In view 
of the potential importance of such transformation 
from both the technological and scientific points of 
view an attempt has been made to investigate this 
phenomenon further. 

The yeast strains used were those originally 
employed by Oppenoorth’. The acceptor strains 
included (1) R7, a yeast which was originally isolated 
by Winge and Roberts as a descendant of crossings 
between strains of Saccharomyces cerevisiae, Sac- 
charomyces chevalieri and Saccharomyces italicus, and 
(2) S. chevalieri K83S58. Both acceptor yeasts 
fermented galactose and glucose but neither fer- 
mented raffinose or sucrose. The donor strain was 
S. chevalieri W332, which fermented both raffinose 
and sucrose. 

Preparations of deoxyribonucleic acid were ob- 
tained from 48-hr. cultures of the donor yeast 
grown in shake culture at 25°C. in either wort or 
a medium consisting of yeast extract (Difco, 0-3 per 
cent), malt extract, (0-3 per cent), peptone (0-5 per 
eent) and glucose (1-0 per cent) in water. The 
extraction procedure for deoxyribonucleic acid and 
the method of dissolving the product in wort were as 
described by Oppenoorth*. As will’emerge, a critical 
finding was that the sterilization procedure used for 
the solution of deoxyribonucleic acid affected the 
result. The solution was sterilized either by (a) filtra- 
tion through a glass filter (porosity S) or (6) filtration 
through a Seitz filter containing a Ford ‘Sterimat’ 
pad (grade SB). A solution (3-0 ml.) of ethanolic 
hydrogen chloride, prepared by diluting concentrated 
hydrochloric acid (8-0 ml.) to 100 ml. with ethanol, 
was added to aliquot portions (1-0 ml.) of the solution 
of deoxyribonucleic acid before and after sterilization. 
After standing for 15 min. the resulting precipitate 
was removed by centrifugation, washed with ethanolic 
hydrogen chloride and dissolved in water for estima- 
tion of deoxyribonucleic acid content by the method 
of Seibert'®. It was afterwards found that sterilization 
by method (a) had no significant effect on the con- 
centration of deoxyribonucleic acid, but sterilization 
by method (b) completely removed the deoxyribo- 
nucleic acid from solution in wort. 

The effects of the solutions obtained by methods (a) 
and (6) on the acceptor strains were then investigated. 
In a typical case a series of McCartney bottles con- 
taining wort (4-0 ml.) or the test solution (4-0 ml.) 
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Table 1. SUCROSE FERMENTATION BY ACCEPTOR YEASTS TREATED jx 
DIFFERENT WAYS 


Fermentation result* 
Treatment |—————— | 
Growth medium of yeast Yeast Yeast — 
R7 K 855858 
Wort washed none none 
Wort unwashed none none 
Wort/deoxyribonucleic acid washed none none 
Seitz filtered 
Wort/deoxyribonucleic acid | unwashed + (after | + (after 
Seitz filtered z 2days) | 2 days) 
Wort/deoxyribonucleic acid | washed hone none 
glass filtered | 
Wort/deoxyribonucleic acid |; unwashed + (after | + (after 
glass filtered | 2days) | 2 days) 


* No growth was observed on sucrose plates or sucrose-gelatin slides 


was inoculated from a 1-day culture of yeast R7 
grown in wort. The yeast was incubated with shaking 
at 25°C. for 4 days. After growth the wort was 
removed by centrifugation and the residual yeast 
suspended in water (0:2 ml.). Aliquot portions 
(0-04 ml.) of the suspensions were then transferred 
in duplicate to bijou bottles, individually containing 
sucrose (2 per cent) dissolved in yeast water, while 
the remaining yeast was washed four times with 
water. The latter yeast was suspended finally in 
water (0-12 ml.) and duplicate portions ((-04 ml.) 
were transferred to sucrose medium as before. At 
the same time a portion of the washed yeast sus. 
pension was serially diluted with water to give cell 
concentrations of approximately 1 x 10°, 5 x 1 
and 1 x 10* cells/ml. and portions (0-02 ml.) of these 
suspensions were inoculated on to a solid medium pre- 
pared by the incorporation of agar (Davis ‘Nutrient’, 
2 per cent) into the synthetic medium of Harris and 
Thompson" and using sucrose (0-5 per cent) as the 
source of carbon instead of glucose. The donor yeast 
grew satisfactorily on this medium while the acceptor 
yeasts failed to grow although they were viable as 
shown by growth when glucose was the carbon source. 
The bottles and plates were incubated at 25° C. and 
examined at intervals over a period of 30 days. The 
ability of the yeast to grow on the synthetic medium 
containing sucrose as sole carbon source was also 
investigated by means of the hemocytometer slide- 
culture technique of Gilliland'*, which more accur- 
ately reflects the ability of cells to grow than the 
conventional plating techniques. In this instance, 
a portion of the washed yeast was suspended in the 
synthetic medium containing gelatin (6 per cent) and 
incubated on the slide at 18° C. for 6 hr. The slides 
were then examined microscopically for micro- 
colonies arising from sucrose-fermenting strains. The 
results (Table 1) show that: (1) the ability of the 
acceptor yeast to ferment sucrose was lost by 
thorough washing; (2) the presence of deoxyribo- 
nucleic acid in the growth medium was not necessary 
for a positive fermentation result to be observed; 
and (3) the ability of the yeast to ferment sucrose 
was not reflected in its ability to grow on solid 
medium with sucrose as sole carbon source. 

A possible explanation of the results was that 
invertase was present in the deoxyribonucleic acid 
preparations used. To investigate this possibility, 
portions (6-01 ml.) of the deoxyribonucleic acid/wort 
solution were added to bijou bottles containing 
sucrose or raffinose (2-0 per cent) dissolved in yeast 
water. After incubating for 24 hr. at 25° C. the sugars 
present were examined by chromatography using 
a mixture of ethyl acetate, pyridine and water 
(10:4:3, v/v) as developing solvent and the dip 
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reagent of Harris and MacWilliam" for detecting the 
sugars. It was thus found that considerable hydrolysis 
of sucrose and raffinose to monosaccharides had in 
fact occurred. Clearly, the deoxyribonucleic acid 
preparation was contaminated with invertase in 
sufficient quantity to yield monosaccharides respon- 
sivle for the positive fermentation tests observed in 
the earlier work. Moreover, the enzyme passed 
through the Seitz filters used and gave rise to the 
positive fermentation tests even in the absence of 
deoxyribonucleic acid. It is therefore apparent that 
such fermentation tests are insufficient in themselves 
to indicate transformation. The further evidence for 
transformation presented earlier, namely, the isolation 
of single cells capable of fermenting sucrose or raffinose 
from sbeultures originally not possessing this faculty, 
is not conclusive. In this connexion, the presence 
of hydrolytic enzymes in the test medium will allow 
growth to occur on the monosaccharides produced 
when the yeast is sub-cultured through a series of 
bijou bottles containing the test polysaccharide. In 
these circumstances cells capable of fermenting the 
polysaccharide might arise by mutation and sub- 
sequent selection even though controls not containing 
the deoxyribonucleic acid-enzyme mixture as used 
by Oppenoorth? fail to produce mutants of this type. 
It appears therefore that the evidence presented for 
transformation of yeasts in the manner suggested is 
capable of alternative explanation, and that further 
investigation is required to substantiate the earlier 
claims. 

G. Harris 

C. C. THOMPSON 
Brewing Industry Research Foundation, 

Nutfield, Surrey. 
. Onpencest W. F. F., Antonie van Leeuwenhoek J. Microbiol. Serol., 
, 129 (1960). 
"pam. W. F. F., European Brewery Conv. Proc. Seventh 
‘ong. Rome, 180 (1959). 
*Oppenoorth, W. F. F., Svensk Bryggeritidskrift, 75, 34 (1960). 
* Alexander, H. E., and L :idy, G., J. Exp. Med., 98, 345 (1951). 
‘Avery, O. T., MacLeod, C. M., and McCarty, M., J. Exp. Med., 
79, 137 (1944). 

‘Catlin, B. W., Science, 181, 608 (1960). 
*Honigberg, B. M., and Read, C. P., Science, 181, 352 (1960). 
* Sinai, J., and Yudkin, J., J. Gen. Microbiol., 20, 400 (1959). 
*Spizizen, J., Proc. U.S. Nat. Acad, Sei., 44, 1072 (1958). 
“ Seibert, F. B., J. Biol. Chem., 188, 593 (1940). 
“ Harris, G., and Thompson, C. C., J. Inst. Brewing, 66, 213 (1960). 
" Gilliland, R. B., J. Inst. Brewing, 65, 424 (1959). 
“ Harris, G., and MacWilliam, I. C., Chem. and Indust., 249 (1954), 


VIROLOGY 


Plaque Formation by an Orphan Virus 
of Fowls 


WueEn Sharpless et al.' and Fontes et al.* reported 
the adaptation of fowl lymphomatosis virus (RPL.12) 
to chicken embryo tissue culture, and later when 
plaque assay methods were described for this virus*-*, 
there was promise of an in vitro system for the study 
of viral oncogenesis. However, the suspicion that 
this virus may not in fact be the causal agent of fowl 
lymphomatosis was aroused when it was found that 
the inoculation of high-titre tissue culture material 
into chickens of a stock known to be susceptible to 
the HS4 strain of fowl lymphomatosis virus was not 
followed by the formation of tumours even after six 
months. Moreover, when these birds were challenged 
with ES4 virus, they were found to be completely 
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Fig. 1 


susceptible (Carr, J. G., Macpherson, I. A.,” and 
Stoker, M. G. P., unpublished results). It was also 
shown that a high dilution of pooled normal sera 
from the ES4 susceptible flock neutralized plaque 
formation by the virus in tissue culture. A possible 
explanation of these results is that the virus we were 
studying was a fowl orphan virus present in poultry 
stocks. Since then confirmation has been received in 
personal communications from B. R. Burmester, 
G. R. Sharpless and R. J. Huebner, respectively, 
giving results of extensive investigations in the 
United States. These show that the virus is enzootic 
in many flocks. 

Despite its apparent lack of relationship to fowl 
lymphomatosis this ubiquitous and hardy virus may 
be of considerable interest in its own right. The 
purpose of this communication is to describe an 
improved method of plaque assay which is more 
sensitive and gives considerably better resolutio 
than the techniques rveviously reported. It has ths 
additional advantage that it can be adapted for rough 
assays of both virus and neutralizing antibody. 

The method was based on that described by Cooper‘. 
Base layers of 4 ml. containing 10 per cent calf 
serum, 10 per cent tryptose phosphate broth (Difco) 
and 0-9 per cent agar (Difco) in Eagle’s medium 
were prepared in 60-mm. Petri dishes. When the 
base layers had set they were overlayed with 2-5 ml. 
of the same medium containing 0-1 ml. of virus 
dilution and 3 x 10’ freshly trypsinized liver cells 
from 17-day-old chick embryos. On the fourth day 
of incubation 2-5 ml. of 0-01 per cent neutral red in 
agar medium was added and plaques (Fig. 1) counted 
daily until a maximum count was obtained 3—4 days 
later. 


Table 1. RELATIVE SENSITIVITIES OF PLAQUE TECHNI 
ORPHAN vinus 
Method Relative sensitivity 
| Agar suspension technique as described in 
the text with : 
| (1) Chick embryo liver 100 
| (2) Chick embryo kidney 100 
(3) Whole chick embryo 4 
(4) Young adult fowl liver 65 
Monolayers of chick embryo liver (ref. 4) 13 
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‘ The reiative sensitivity of this method com 
with other systems is given in Table 1. Although 
chick embryo kidney cells were found to be as sensi- 
tive as liver cells, the latter were preferred since higher 
yields could be obtained. For rough assays 0-1 ml. 
of virus dilution or virus/antibody mixture was 
added to 0-9 ml. of agar medium held at 44° C. and 
0-02 ml. of this agar dilution was allowed to set on a 
base layer. A 60-mm. Petri dish accommodates 
6-8 spots. When set, the spots were overlayed with 
liver cells in agar and then treated as described 
above. Since discrete plaques can be distinguished 
in these spots a direct measure of infectivity is 
obtained. 

It will be seen from Fig. 1 that there was a con- 
tinuous gradation of plaque size (0-5 mm.—5 mm. 
diameter). When cloned virus from large and small 
plaques was plated, the same wide distribution of 
plaque size was obtained from each clone. Incuba- 
tion of virus and cells in fluid suspension for 2 hr. 
before plating did not lead to greater uniformity of 
plaque size. Buthala also found several sizes of 
plaques when this virus was plated on monolayers of 
chicken embryo kidney. The explanation of this 
effect is not known. 

B. R. Burmester, G. R. Sharpless and A. K. 
Fontes’ have found that this virus is in some ways 
similar to the adenoviruses of man and have suggested 
that it be called GAL (gallus, adenolike). 

I wish to express my thanks to Prof. M. G. P. 
Stoker for his helpful advice and criticism. 


I. A. MacpHEerRson 


Medical Research Council 
Unit for Experimental Virus Research, 
Department of Virology, 
University of Glasgow. 


‘s aes, G. R., Defendi, V., and Cox, H. R., Proce. Soc. Exp. Biol. 
, 97, 755 (1958). 

‘A. K., B. Walter, W. 
Proce. Soe. "Exp. Biol. , 92, 854 

* Levine, 8., and Baby G. R.., Virology, 8, 265 (1959). 

* Stoker, M. G. P., Virology, 8, 250 (1959). 

* Buthala, D. A., Virology, 10, 382 (1960). 

* Cooper, P. D., Virology, 1, 397 (7955). 

9 1 B. R., Sharpless, G. R., and Fontes, A. K., J. Nat. Cancer 
Inst., 24, 1, 443 11060)" 


, and Iseler, P. E., 


Effect of Ultrasonic Vibration on the 
Hemagglutinating Activity of Some 
Para-influenza Viruses 


Tue effect of sound vibration on influenza virus 
has been described previously'*. Lief and Henle* 
showed that sonic treatment of influenza virus 
neither increased the hemagglutinin titre nor 
changed the ratio of the hemagglutinin titres obtained 
with chicken and guinea pig erythrocytes. The 
results briefly reported here deal with the effect of 
ultrasonic vibration on the hemagglutinating activity 
of some para-influenza viruses. 

Different para-influenza viruses were cultivated in 
eultures of calf or monkey kidney cells. Culture 
fluids containing large amounts of infectious virus 
were centrifuged at 2,500 r.p.m. for 30 min. The 
supernatants were subjected to ultrasonic vibration 
at about 20 ke./sec. for 10 min. in an MSE Mullard 
ultrasonic disintegrator. The hemagglutinin tests 


were generally performed at 4° C. employing guinea 
pig and chicken erythrocytes. 
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Table 1. GurtNEA Pig HSMAGGLUTININ TITRES OF UNTREATED AND 
ULTRASONIC-TREATED VIRUSES 


Para- Para- Para- | | 


Incuba- | influenza-1 | influenza-2 | influenza-3 
tion Sendai A Umea* 3 it 
Untreated! 4°C. 8 2 16 16 | 
reated + 4°C, 128 16 128 256 | 
Untreated ; 37°C, 128 8 128 64 | 
Treated 37° C. 256 16 256 256 | 


* A Swedish bovine strain. 
+A Swedish strain of the myxovirus SA, described by Schultz 
and Habel (ref. 4). 


The results presented in Table 1 show that if the 
hemagglutinin tests were performed at 4°C., the 
guinea pig hemagglutinin titres increased 8-16 times 
after ultrasonic treatment of virus. If, however, the 
hemagglutinin tests were performed at 37°C., the 
guinea pig hemagglutinin titres were higher and did 
not increase to the same extent after treatment. 

The rise in guinea pig hemagglutinin after ultra- 
sonic treatment was not accompanied by an increase 
of chicken hemagglutinin (Table 2). Similar obser- 
vations have been made with influenza virus treated 
with ether*. To ascertain whether the effect of 
ultrasonic vibration was due to a release of non- 
infectious and _ less-sedimentable hemagglutinin, 
untreated and treated virus samples were centrifuged 
at 25,000 r.p.m. for 1 hr. in a Spinco preparative 
centrifuge. The supernatants and sediments were 
titrated for hemagglutinin and infectivity. The 
results of this experiment are recorded in Table 3, 
which shows that the level of hemagglutinin was 16 
times greater in the supernatant of the treated virus 
than in that of the untreated virus. Furthermore, the 
ratio guinea pig hemagglutinin/TCD,, was about 
100 times greater in the supernatant than in the 
sediment of ultrasonic-treated virus. 


Table 2. H#MAGGLUTINATING ACTIVITY OF UNTREATED AND ULTRA- 
SONIC-TREATED VIRUS 


Untreated Treated 
Virus | 
GPHA CHA GPHA CHA 
Sendai 8 128 128 128 
CA 2 2 16 
Umea 16 <2 128 <2 
| $1 16 128 256 136 


| 
GPHA, Guinea pig hemagglutinin; CHA, chicken hemagglutinin. 


Table 3. GUINEA PIG HEMAGGLUTININ TITRES OF PARA-INFLUENZA 


VIRUS CENTRIFUGED AT 25,000 R.P.M. FOR 1 HR. 


| 
Untreated Ultrasonic treated | 
Titre/ml. 


Supernatant | Sediment | Supernatant | Sediment 


 GPHA 8 (8)* | 32 (256) | 128 (128) | 256 (256). 
log TCD yo 5-9 79 5-7 | 


* After ultrasonic treatment. 


The effect of ultrasonic vibration on the hemag- 
glutinating activity of para-influenza viruses may be 
due to a disaggregation of a non-infectious heamag- 
glutinin. Further investigations dealing with this 
hypothesis will be published later. 

Svante HERMODSSON 

Institute of Virology, 

University of Uppsala, 
Uppsala. 

* Rheins, M., and Finlay, J., J. Inf. Dis., 95, 79 (1954). 
* Lief, F., and Henle, W., Virology, 2, 772 (1956). 
* Lief, F., and Henle, W., Virology, 2, 753 (1956). 
‘ Schultz, E. W., and Habel, K., J. Immunol., 82, 274 (1959). 
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Monday, January 2 


PLASTICS INSTITUTE (in the Lecture Theatre of the Institution of 
Electrical Engineers, Savoy Place, London, W.C.2), at 2.30 p.m.— 
Mr. H. A. Thomas : ‘Plastics and Textiles” (Young People’s Lecture). 


SOcIETY OF CHEMICAL INDUSTRY, LONDON SECTION (14 Belgrave 
Square, London, S.W.1), at 6.30 p.m.—Mr. H. F. Corsan: “Financial 
Management in the Chemical Industry”. 


Wednesday, January 4 


BRITISH OCCUPATIONAL HYGIENE SOCIETY (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W.C.1), at 10 a.m.—Meeting on “‘Health Physics’’. 


SocIETY OF CHEMICAL INDUSTRY, CORROSION GROUP—CATHODIO 
PROTRCTION PANEL (at 14 Belgrave Square, London, S.W.1), at 6 p.m. 
—Discussion of “‘Galvanic Anodes”. Opening Speakers: Dr. G. E. 
Gardam, Mr. P. V. Palmer and Mr. K. P. Scott. 


BRITISH INSTITUTION OF RADIO ENGINEERS, RADAR GROUP (at the 
London School of Hygiene and Tropical Medicine, zone! Street, 
Gower Street, London, W.C.1), at 6.30 p.m.—Mr. W. E. Brunt: 
“Automatic Techniques in Civil Air Line Communications Systems”. 


Thursday, January 5 


INSTITUTION OF MECHANICAL ENGINEERS, INDUSTRIAL ADMIN- 
ISTRATION AND ENGINEERING PRODUCTION GROUP (at 1 Birdcage 
Walk, Westminster, London, 8.W.1), at 10.30 a.m.—Informal Dis- 
cussion on “The Reliability of Mechanical Engineering Parts of Data 
Processing Systems”’. 


ROYAL AERONAUTICAL SociETY (at 4 Hamilton Place, London, 
W.1), at 3 p.m.—Mr. R. J. Lees: “Gyroscope and Pendulum—the 
Modern Travel Agents” (Young People’s Lecture). 


ROYAL INSTITUTION OF NAVAL ARCHITECTS (at 10 PEt — 
Street, London, S.W.1), at 4.45 p.m.—Mr. A. Hunter, O.B.E. : ird 
Amos Ayre Lecture, 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.30 p.m.—Dr. J. 8. Forrest: ‘‘The Application of Elec- 
tronics ° the Electricity Supply Industry” (Third Hunter Memorial 

ture). 


INSTITUTE OF METALS, LONDON LOCAL SECTION (at 17 Belgrave 
Square, London, 8.W.1), at 6.30 p.m.—Dr. J. E. Hughes : ““Metailurgy 
in Electronics”. 


ROYAL PHOTOGRAPHIC SOCIETY OF GREAT BRITAIN, MEDICAL 
Group (at 16 Princes Gate, London, 8.W.7), at_7 p.m.—Mr. Charles 
Engel and Mr. John Brace: “Closed Circuit Television in Medical 
Diagnosis, Research and Teaching”’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURER in PSYCHOLOGY IN THE DEPARTMENT OF 
PuiLosopHy—The Registrar, University College, Singleton Park, 
Swansea (January 14). 

LECTURER IN PuxYSICS (EXPERIMENTAL); a LECTURER IN 
THEORETICAL PHYSICS; and ASSISTANT LECTURERS IN Puysics— 
The Registrar, The University, Manchester 13 (January 14). 

RESEARCH ASSISTANT (with some knowledge of metallurgical 
techniques), for work in the metal physics group under the direction 
of Dr. P. Hirsch—The Secretary to the Department of Physics, 
Cavendish Laboratory, The University, Free School Lane, Cambridge 
(January 15). 

LECTURER IN VETERINARY HISTOLOGY AND EMBRYOLOGY—The 
Secretary of University Court, The University, Glasgow (January 18). 

CHAIR OF MECHANICS—The Registry, The Old Schools, The Univer- 
sity, Cambridge (January 21). 

SCIENTIFIC OFFICER or SENIOR SCIENTIFIC OFFICER (with a good 
honours degree, preferably with postgraduate experience), to work 
on biochemical processes in seeds and seedlings—The Secretary, 
ies Vegetable Research Station, Wellesbourne, Warwick (Jan- 
uary 21). 

LECTURER or ASSISTANT LECTURER IN STATISTICS—The Registrar, 
The University, Leeds 2 (January 24). 

SENIOR LECTURER or LECTURER IN MATHEMATICS IN THE FACULTY 
OF ENGINEERING, University College of the West Indies, Trinidad— 
The Secretary, Inter-University Council for Higher Education Over- 
seas, 29 Woburn Square, London, W.C.1 (January 25). 

LECTURER IN THE DEPARTMENT OF Foop TECHNOLOGY at the 
University of New South Wales—The Agent-General for New South 
Wales, 56 Strand, London, W.C.2, and The Appointments Section, 
The University of New South Wales, Box 1, Post Office, Kensington, 
New South Wales, Australia, marking envelope ‘‘University Appoint- 
ment” (Australia and London, January 27). 

LECTURERS or ASSISTANT LECTURERS IN SOCIAL ANTHROPOLOGY, 
GEOLOGY, MATHEMATICS and Pxysics at the University College of 
Rhodesia and Nyasaland—The Secretary, Inter-University Council 
for Higher Education Overseas, 29 Woburn Square, London, W.C.1 
(January 30). 

SENIOR LECTURER (preferably with research interest in the applica- 
ngineering subject) IN ENGINEERING 


tion of mathematics to some e 
The Queen’s University, Belfast, 


MATHEMATICS—The Secfetary, 
Northern Ireland (January 30). 

CHAIR OF PHARMACOLOGY in the University of the Witwatersrand, 
Johannesburg, South Africa—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (South Africa and London, January 31). 


breeding at the North-West Wheat Research Institute, Narrabri— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia and London, 
January 31). 

SENIOR LECTURER IN ANIMAL PRODUCTION (MORTLOCK FELLOW) 
IN THE DEPARTMENT OF AGRONOMY at the Waite Agricultural Research 
Institute, University of Adelaide, Adelaide, South Australia—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon Square, London, W.C.1 (Australia, January 31). 

UNIVERSITY LECTURER (with special qualifications in applied 
thermodynamics, and preferably an interest in heat transfer apparatus 
and some industrial or research experience) IN MECHANICAL ENGINEER- 
InG—The Secretary, The University, Aberdeen (January 31). 

LECTURER IN HYDRAULICS AND HYDROLOGY IN THE DEPARTMENT 
OF CIVIL ENGINEERING—The Registrar, King’s College (University 
of Durham), Newcastle 7 Tyne 1 (February 4). 

AGRONOMIST or PLANT PHYSIOLOGIST (honours graduate in science 
or agricultural science with relevant postgraduate research experience, 
and preferably prior experience with tobacco) at the Tobacco Research 
Institute, C.S.1.R.0., Mareeba, North Queensland, to investigate 
factors affecting the nitrogen status of the tobacco plant, together 
with various Pweg in tobacco agronomy arising in North Queens- 
land—Chief Scientific Liaison Officer, Australian Scientific Liaison 
Office, Africa House, Kingsway, London, W.C.2, quoting Appoint- 
ment No. 815/29 (February 11). 

_ CHAIR OF GEOLOGY tenable in the Newcastle Division of the Univer- 
sity of Durham—The Registrar, University Office, 46 North Bailey, 
Durham (February 11). 

LECTURER (with special qualifications or experience in inorganic or 
physical chemistry) IN CHEMISTRY at the University of Canterbury, 
Christchurch, New Zealand—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(New Zealand and London, February 17). 

CHAIR OF APPLIED MECHANICS tenable in the Newcastle Division 
of the University of Durham—The Registrar, University Office, 46 
North Bailey, Durham (February 18). 

_ASSISTANT EXPERIMENTAL OFFICER (with a degree in science or 
diploma in horticulture or agriculture), to assist in field experimental 
work—The Secretary, National Vegetable Research Station, Welles- 
bourne, Warwick. 

ASSISTANT LECTURER (graduate in chemistry, and preferably with 
experience in the food industry), for duties which will include the 
teaching of chemistry and food quality control—The Principal, 
National College of Food Technology, St. George’s Avenue, Wey- 
bridge, Surrey. 

BIOCHEMIST (graduate in chemistry, biochemistry or physiology) 
IN THE PATHOLOGY DEPARTMENT, for work connected with biochemical 
investigations on patients—The Group Secretary or Consultant 
Pathologist, Camberwell Hospitals Management Committee, Dulwich 
Hospital, East Dulwich Grove, ndon, 8.E.22. 

LECTURER IN CHEMICAL ENGINEERING—Head, Department of 
Chemistry and Chemical Engineering, University of Saskatchewan, 
Saskatoon, Saskatchewan, Canada. 

RESEARCH ASSISTANT (preferably with an honours degree in physical 
and inorganic chemistry) IN THE DEPARTMENT OF MINERALOGY AND 

ROLOGY, for a programme of research concerning fundamental 
solid-state problems in the field of cement chemistry—Dr. J. D. C. 

a Department of Mineralogy and Petrology, Downing Place, 

ge. 

SENIOR LECTURER IN INORGANIC CHEMISTRY; a& LECTURER IN 
INORGANIC CHEMISTRY ; and a LECTURER IN CHEMICAL ENGINEERING 
—The Registrar, Rradford Institute of Technology, Bradford 7. 

SENIOR TECHNICIAN or TECHNICIAN (with instrument or physics 
workshop experience) IN THE RADIOTHERAPY DEPARTMENT, for duties 
which include Physics Workshop, Isotope Laboratory, Radium and 
Mould Room work—The Group Secretary, Romford H.M.C., Old- 
church Hospital, Oldchurch Road, Romford, Essex, quoting Ref. 17/39. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Association of Scientific Workers. Science and Education: a 
Policy Statement by the Association of Scientific Workers. Pp. 16. 
(London: Association of Scientific Workers, 1960.) 18. {279 

Fourth Repor from the Select Committee on Estimates, together 
with part of the Minutes of Evidence taken before Sub-Committee D, 
and an Appendix, Session 1959-60—Colonial Office. Pp. xxxvii+280. 
(London: H.M. Stationery Office, 1960.) 14s. net. 310 

Ministry of Aviation. Reports on Plastics in the Tropics. No. 12: 
Polyvinyl Chloride. Pp. 56. (London: H.M.-Stationery Office, 
68. net. 

Henry yi = and Co., Ltd. Some Applications of “‘“Nimocast” Heat- 
Resisting Alloys. Pp. 7. Developments in Nimonic Heat-Resisting 
Sheet Alloys. Pp. 3. (London and Birmingham: Henry Wiggin and 
Co., Ltd., 1960.) 310 

Ciba (A.R.L.), Limited. Technical Notes, No. 213 (September 1960) : 
Radio-frequency Heating, Part 1. Pp: 6. (Duxford: Ciba (A.R.L.), 
Limited, 1960.) [310 

Forestry Commission. Bulletin No. 33: The Status and Develop- 
ment of Elm Disease in Britain. By T. R. Peace. Pp. iv+44+ 
76 plates. (London: H.M. Stationery Office, 1960.) 10s. net. [310 

‘orestry Commission Leaflet No. 33: Collection and Storage of 
Ash, Sycamore and Maple Seed. Pp. 11. (London: H.M. Stationery 
Office, 1960.) 9d. net. 310 

Ci ics, Vol. 1, No. 1 (September, 1960). (An International 
Journal of Low Temperature Engineering and Research.) Pp 
Subscription rates: £5; 15 dollars; 90 N.F. per 900) (4 


. 64. 
issues). 
(London and New York: Heywood and Co., Ltd., 1960. [310 
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Agricultural Research Council. Memoirs of the Soil Survey of Great 
rt and Wales. The Soils and Land Use of the District 
around Rhyl and Denbigh. (Sheets 95 and 107.) By F. Ball. 
plates. (London: H.M. Stationery” Office, = 


Institute, Kew. Mycological 
No. 78: African Fungi, By F. C. Deigh ton. . 43+2 plates. 
d Mycological Institute, 1960.) 12s. 


British Coke Research Association. Sixteenth Annual Report for the 
os 1959. Pp. 40. (Chesterfield: British Coke Research “se 
0 


.) 
Department of and Industrial Research. Problems 
Progress in Industry, No. 9: Automation and Skill. By E. R. F. W. 
Saaenen. Pp. 59. (London : H.M. Stationery Office, 1960.) 3s. 6d. 


ne 

Colloids, Ltd. A List of Dispersions. Pp. 
Acheson Colloids, Ltd., 

fol. 1 (June, 1860) 


(Plymouth : 
elhard Industries Technical Bulletin.” 
Pp. 48. (London: Engelhard Industries, Ltd., 

Scientific Instrument Manufacturers’ pn ang “eo in the 
Scientific Instrument Industry. Pp. 20. (London: Scientific Instru- 
ment Manufacturers’ Association, 1960.) 510 

Imperial College of Science and Technology (University of London). 
Calendar 1960-61. Pp. xi +384. Prospectus 1961-62. Pp. viii+61+4 
ee. (London: Imperial College of Science and Technology, 


{510 
*Talversity of London. University College Calendar, 1960-61. 
Pp. ixviii+502. (London: University College, 1960.) [510 
Department of Scientific and Industrial Research. The yy = 
tion of Atmospheric Pollution: Research and Observations in the 
year ended 3lst March, 1958—Thirty-first Report. Pp. iv+164. 
(London : H.M. Stationery Office, 1960.) 8s. net. 1210 
Committee on Science and Freedom. Bulletin No. 16: Freedom and 
Efficiency : Problems of University Administration in Britain and the 
Commonwealth. Pp. 32. (Manchester: Committee on Science and 
Freedom, 818 Wilmslow Road, 1960.) [1210 
Wye College (University of London). Department of Hop Research 
Annual Report, 1959 (from Ist April, 1959, to3lst March, 1960). 
rh vi+154+1 plate. (Wye, near Ashford, Kent : Wye College, HoT .) 


Standing Committee of the London Conference on Overseas Students. 
Overseas Students in Britain: a Handbook for all who are interested 
in the Welfare of Overseas Students. Revised edition. Pp. 34. (London: 
conten Overseas Department of the British Council, 1960.) ie = 
ne 

Derwent Patents Abstracts—Catalogue. (An account of the publi- 
cations and services of the Derwent Information Service, including 
accounts of international patent procedure and an article on “Russian 
Patent Law and Procedure” based on protracted discussions in Moscow 
with the Committee for Inventions.) Pp. ii +38. (London: Derwent 
Information Service, Theobalds Road, W.C.1. 1960.) 28.6d. [1210 

Journal of Forensic Seience Societu, Vol. 1, No. 1 (September, 
1960). Pp. 68+xii. Published twice yearly in September and March. 
Subscription rate: 40s. per year, post free. Single copies: 20s. 
(Harrogate: The Forensic Science Society, 1960.) {1210 

The Scottish Society of the History of Medicine. Re rt of Proceed- 
ings, Session 1959-60. Pp. 30 +2 plates. (Edinburgh : Beottish ovat 
of the History of Medicine, 1960.) 

Department of Scientific and Industrial Research : Forest Products 
Research. Bulletin No. 45: The Strength Properties of Timber. By 
PF. H. Armstrong. Pp. vi+34+8 plates. (London: H.M. Stationery 
Office, 1960.) 38. 6d. net. [1210 


Other Countries 


Nonmilitary Defense : Chemical and Biological Defenses in eA 
tive. Edited by the Staff of the ACS Applied Publications. (A collec 
tion of Papers comprising the Symposium on Nonmilitary Defense, 
a before the Division of Industrial and Engineering Chemistry 
n participation with the Special Board Committee on Civil Defense, 
at the 137th Meeting of the American Chemical Society, Cleveland, 


Ohio, April, 1960.) (Advances in Chemistry Series, 26.) 
ste. (Washington, D.C.: American Chemical Society, 1960.) 
2 dollars. 


Arztekonferenzen der Internationalen Féderation der Widerstends- 
kimpfer. Die Chronische Progressive Asthenie (Auf Grund von 
Beobachtungen an Ehemaligen Deportierten und Gefangenen der 
Nazigefingnisse und Vernichtungslager.) Materialien der Interna- 
tionalen Konferenzen von Koperhagen und Moskau, Band 1. Pp. 82. 
Conferences Medicales de la Federation Internationale des Resistants. 
Autres Séquelles, Fascicule 2. (Données tirées des Conferences Inter- 
nationales de Copenhagen et de Moscou par le Secrétariat Médical de la 
Fédération Internationale des Résistants.) Pp. 208. (Wien: Edition 
F.LR., Castellezgasse, 35, 1960.) [310 

Fondation Universitaire, Brussels. Increasing the Effectiveness of 
Science. Pp. iii+19. (Brussels: Fondation 

Linné-Sallskapets Arsskrift, Arging XLII, 1959. Pp. 144. 
( Up : Svenska Linné-Sdllskapet, 1960 0 

Tnion of South Africa. Department of and Industries : 
Division of Fisheries. Investigation Report No. 42: The Biology of 
Guano-Producing Sea-Birds. 3: The Distribution, Abundance and 
Feeding Habits of the Cormorants erate Off the South 
West Coast of Se vince. By R. W. Rand. Pp, 32. (Reprint 
from Commerce and Industry, April 1960.) (Pretoria : ae 


Printer, 1960.) 
Bericht tiber den VI Internationalen Blu ppenkongress in 
Minchen, 21-23 August, 1959. (Report of the VI sieeatienet Blood- 


unich, 21-23 August, 1959.) Pp. 111. (Mianchen: 
Institut fir | 


Notas de 
Inversion in Field Theory. 
, No.3: On the Finite Dimension- 


up Congress in 
rzuchtforschung Veg 


.) 

Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro. 
Fisica. Vol. 6, No.2: 

By J. L. Lopes. Pp. 111-121. Vol. 6 


NATURE 
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December 31, 1960 


of Every Irreducible Unitary rw of a Compact Grow 
Nachbin. Pp. 123-128. 6, No.4: Angular Distriby 
of the Reaction *Be (*Li, *Li)*Be. By L. Marquez and C. Redon. 
— (Rio de Janeiro : Centro Brasileiro de Pesquisas Fisicas, 


) (310 
Population Refé B Inc. Population Bulletin, Vol. +4 
No. 6 (September, 1960) : World’ Great Cities: Evolution or 
Devolution ? i09-132. (Washingt, D.C. : Population Reference 
Bureau, Ine., 1 960.) 50 cents. 
Prelude to a Plan: Bernice P. Bishop Museum Annual Re 
os Pp. 32. (Honolulu, Hawaii: Bernice P. 


410 
Food and Agriculture Sent of the United Nations. fo 
Forestry Development Paper No. 13: Choice of Tree Species. Pp. 
xi+307. (Rome: Food and Agriculture Organization of the United 
p> ah London: H.M. Stationery Office, 1960.) 178. 6d.; 
ollars. 10 
United States Department of the Interior: Fish and Wildlife 
Service. Research Report No. 52: Japanese Fishery for Albacore 
alalunga). W. G. van Campen (Translator). 

a : Government Printing Office, 1960.) [41 
Geology of 


es Geologiske Undersokelse Nr. 208: 
oltedahl. Pp. +2 maps and 19 plates. 


by Olaf 
Norges 1960. (51 
Académi de Belgique, Annuaire pour 1960 (CXXVD). 
(Bruxelles: Académie Royale de “a 
210 
Geological Survey. 


planches. 
United States Department of the Interior: 
Professional Paper No. 295: ae Survey of Sedimentation 
n Lake Mead, 1948-49. By W. O. Smith, C. P. Vetter and G. B. 
Cummings. Pp. xii +254 (29 lates). Professional peer 325: Geology 
of the Souris River Area, North Dakota. By Richard W. Lemke. 
Pp. iv+138 (16 plates). Professional Paper 337: Late Cenozoic 
Molluscan Faunas ex the High Plains. By Dwight W. pee. Pp. 
iv+94+4 plates. 1 dollar. Professional Paper 352-A : Recent Sedi- 
mentation and Erosional History of Fivemile Creek, Fremont County, 
Wyoming. by Richard F. Hadley. Pp. iii+16 (4 plates). Professional 
Paper No. 354-B: Interpretation of the Composition of Triocta- 
hedral Micas. By Margaret D. Foster. Pp. iii+11-49. 35 cents. 
(Washington, D.C.: Government Printing Office, 1960.) {1210 
State of California : Department of Fish and Game. Marine Research 
Committee. California Co-operative Fisheries Investigations, Reports, 
Vol. 7, 1 January, 1958 to 30 June, 1959. Pp. 217. (Sacramento, Calif. : 
Department of Fish and Game, Marine Research Comeeas 
National Academy of Sciences—National Research Council. Nuclear 
Science Series. NAS-NS 3014: The Radiochemistry of Indium. By 
D. N. Sunderman and C. W. Townley. Pp. vi+46. (Washington, 
D.C.: Office of Technical Services, Department of Commerce, 1960.) 
0.50 dollars. {1210 
Sandia Corporation Monographs. SCR-98: Generalized Functions 
of Green for Systems of Ordinary Differential Equations. By Oswald 
Wyler. Pp. 26. SCR-107: Radar Return from the Vertical for Ground 
and Water Surfaces. By Charles 8S. Williams, Jr., Charles H. Bidwell, 
and Douglas M. yyy Pp. 93. SCR-121: Graphs of the Hyper- 
eometric O. _ and A.O.Q. Functions for Lot Sizes 10 to 225. By C. R. 
Mark and L. H. Koopmans. Pp. 174. SCR-139: On Operator 
Solutions of Boundary-Value Problems. By Oswald Wyler. Pp. 34. 
SCR-143: Tables of the Binomial Distribution Function for Small 
Values of P. By William H. Robertson. Pp. 208. SCR-158: 
arithms of Factorials from 1 to 2,000. By D. B. Owen and C. M. 
Williams. Pp. 36. SCR-185: On the Algebra of Boundary-Value 
Problems. By Oswald Wyler. Pp. 28. (Washington, D.C.: Office of 
Technical Services, Department of Commerce, 1959, and 1960.) 
South African Council for Scientific and Industrial Research. Four- 
teenth Annual Report, Part 5: National Building Research Institute. 
Pp. vi+167-192. (Pretoria: South African Council for Scientific r.. 


Industrial Research, 1960.) {12 

Tanganyika : Ministry of Mines and Commerce. Annual Report of 
the Geological Survey Department, 1959. Part 1: Administrative. 
Pp. ii+20. Shs. 3. Quarter Degree Sheet 64NE: Uluguru. First 
edition Quarter Degree Sheet 79NW: Kipengere. First ed 
(Dedems : Department of Geological Survey, 1960.) 

United States Department of Commerce: Coast and Geodetic 
Survey. United States Earthquakes, 1958. R. J. Brazee and 
W. K. Cloud. Pp. iv+76. (Washington, D.C. : vernment Printing 
Office, 1960.) 40 cents. [1210 

Publications de I’Institut National pour I’Etude du 
Congo Belge. Rapport uel pour l’Exercice 1959. Pp. 
(Bruxelles: Institut National pour I’Etude Agronomique du hon 
Belge, 1960.) 160 francs. {1410 

Somaliland Protectorate: Geological Survey. Report No. 1: 
Report on the Geology of the Heis-Mait-Waqderia Area, =“ 
District (Quarter Degree Sheets, 3, 4, 14, 15 and 16). By Dr. J. E. 


(410 
rt for 
Bishop Museum, 


Mason and A. J. Warden. (D.C.S. 1: +6 illus- 
trations. (Hargeisa: Stationery Office nts for 
Oversea Governments and TRY 1957. ) She. "25. {1410 
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Mathematics 


AHLFORS, Lars V., and SARIO, Leo. Riemann Surfaces. (Princeton 
Mathematical Series, Vol. 26.) 9} in. x6} in. (23-5 cm.x 16 cm.). Pp. 
y+382. (Princeton, NJ. : Princeton University Press ; London : Oxford 
University Press, 1960.) 80s. net.* 

ALDER, Henry L.,and ROESSLER, Edward B. Introduction to Probability 
and Statistics. (Series of Undergraduate Books in Mathematics.) 9} in. x 
in. (24m. x 16 cm.). Pp. xi+252. (San Francisco and London : W.H. 
Freeman and Company, 1960.) 20s. 

BELLMAN, Richard, and HALL, Jr., Marshall (edited by). Combinatorial 
Analysis : Proceedings of Symposiain Applied Mathematics, Vol. 10. 10}in. 
in. (26 cm. 18 cm.). Pp. (Providence. R.!. American 
Mathematical Society, 1960.) 7.70 dollars.* 

BORSUK, Karol, and SZMIELEW, Wanda. Foundations of Geometry : 
fuclidean and Bolyai-Lobachevskian Geometry, Projective Geometry. 
Revised English transiation. Yin. x 6in. (23 cm. x 15-5 cm.). ae xiv +444, 
(Amsterdam : North-Holland Publishing Company, 1960.) 90s 

BOURBAKI, Nicolas. Eléments d'Histoire des Mathématiques. (Col- 
lection Histoire de la Pensée-lV. Sti in. x Shin. (21 cm. x 14em.). Pp. 276. 
(Paris : Hermann, 1960.) 18 

FINKBEINER, I!, Daniel T. , to Matrices and Linear Trans- 
formations. (Series of Undergraduate Books in Mathematics.) 9} in. x 
6h in. (24cm. x 16cm.). Pp. vii +248. (San Francisco and London : W.H. 
Freeman and Company, 1960.) 38s.* 

FREEMAN, ~—- Finite Differences for Actuarial Students: 8} in. x 
5} in. (22 cm. cm.). Pp. vii+228. (Cambridge: At the|University 
Press, 1960. Published for the Institute of Actuaries.) 17s. 6d. net.* 

MEREUDENTHAL, Hans. Lincos: Design of a Language for Cosmic 
Intercourse, Part |. (Studies of Logic and the Foundations of Mathematics.) 
9in. x 6in. (23 cm. x 15- v+224. (Amsterdam : North-Holland 
Publishing Company, 1960.) 4 
HASELGROVE, C. B. In i = with MILLER, J. C. P. Tables of 
the Riemann Zeta Function. (Royal Society Mathematical Tables, Vol. 6.) 


in. <9 in. (28-5 cm. x23 cm.). Pp. xxii+80. (Cambridge: At the 
University Press, 1960.) . net.* 
KAZINSKII, V. A. Mathematical Tables for the Approximation of 


Geophysical Anomalies and Reductions by Interpolation Polynomials. 
Translated by D. E. Brown. 92 in. x 6} in. (25 cm. x 17 cm.). Pp. iv+93. 
(London and New York Pergemen Press, Ss. net.* 
KHINTCHINE, A. Y. Mathematical Methods in the Theory of Queueing. 
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Monographs and Courses, No. 7.) 8} in. x5} in. (21-5 cm.x l4cm.). Pp. 
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MURPHY, George M. Ordinary Differential Equations and Their Solu- 
tions. 9 in. x6 in. (23 15-5 crh.). Pp. ix+451. (Princeton, NJ. 
D. Van Nostrand Company, Inc. : y ndon : D. Van Nostrand Company, 
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NEVANLINNA, R., BEHNKE, H., GRAUERT, H., AHLFORS, L. 
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Analytic Functions. (Princeton Mathematical Series, No. 24. ) Yin. x 6in. 


(Bem. 15-Scm.). Pp. vii+197. (Princeton, NJ. : Princeton University 
Press ; London : hy University Press, 1960.) 40s. net.* 
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Tables, Vol. 7.) in. x9 in. (28-5 cm. 23 cm.). Pp. Ix+79. (Cam- 
a: f At the University Press, 1900. Published for the Royal Society.) 
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PLACKETT, R. L. Principles of Regression Analysis. 94 in. x6} i 
(24 cm.x 16 em.). Pp. ix+173. (Oxford : Clarendon Press ; London : 
Oxford University Press, 1960.) 35s. net. * 


Physics 


ALLEN, W. D. Neutron Detection. 8} in. x 5}? in. (22 cm. 15 - > 
_ viii+ 260+4 plates. (London: George Newnes, Ltd., 1960.) 
CHAMPION, . C. University Physics. Revised, one volume edition. 
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an Introduction to the Science of Matter. 10} in. x Thin. (26 cm. x 19 cm. ). 
Pp. xv +608. (San Francisco and London : W.H. Freeman and Company, 
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Wave we in Materials. 


International Symposium on Stress 
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York : Interscience Publishers, Inc. ; London: Interscience Publishers, 
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DESITANT, M., and PCHIELS, J. L. (edited by). Electromagnetic Wave 
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Pp. x xii+92. (London and New York : g Ba Press, 1960.) 17s. 6d.* 
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STi, E., PILKUHN, Manfred, SCHEIBE, Wolfgang, und. WINSEL, 
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cm. Pp. vii +262. (London : Butterworths Scientific Publications, 1960.) 


KOITER, W. T. (edited by). Proceedings of the Symposium on the 
Theory of Thin Elastic Shells, Delft, 24-28 August, 1959. (International 
Union of Theoretical and Applied Mechanics.) 9 in. x6 in. (23 cm. x 15-5 
.). Pp. ix+496. (Amsterdam : North-Holland Publishing Company, 
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LEVINGER, J.S. Nuclear Photo-Disintegration. (Oxford Library of the 
Physical Sciences.) 8} in. x5} in. (21-5 cm.x 14 cm.). Pp. vii+144. 
(London : Oxford University Press, 1960.) 15s. net.* 

McGEE, J. D., and WILCOCK, W. L. (edited by). Photo-Electronic 
Image Devices : Proceedings of a Symposium held at London, September 
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6 in. (23 cm. 15-5 cm.). Pp. xii+397. (New York: Academic Press, 
Inc. ; London : ——— Press, Inc. —— Led., 1960.) 12 dollars.* 
O'CONNOR, J. R., and SMILTENS, J. (edited by). Silicon Carbide: a 


High Temperature alanine (Proceedings of the Conference on 
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“5 cm. x 19 cm.). Pp. xix+521. (London and New York: Pergamon 
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RATCLIFFE, J. * pee by). Physics of the Upper Atmosphere. 9in. 
x 6i in. (23 cm. x 15-5 em.). Pp. xi+586. (New York : Academic Press, 
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SILLITTO, R.M. Non-Relativistic Quantum Mechanics : an Introduction. 
University Science and Mathematics Texts, 

No. 3.) 82 in. x 5} in. (22 cm. 15 cm.). Pp. x+230. (Edinburgh: The 
University ——, ‘1960. Distributed by Thomas Nelson and Sons, Ltd., 
1960.) 35s. ne 

SMYTH, C. N. (edited by). Medical Electronics : Proceedings of the 
Second International Conference on Medical Electronics, Paris, 24-27 June, 
1959. 10 in. x6} in. (25-5 cm. x16 cm.). Pp. xxiii+614, (London: 
lliffe and Sons, Led., 1960.) 145s. net.* 

STANYUKOVICH, K. P. Unsteady Motion of Continuous Media. 
Translation edited by Prof. Maurice Holt. Literal translation by J. George 
Adashko. 93 in. x6} in. (25 cm. 16 cm.). Pp. xiii+745. (London and 
New York : Pergamon tee 1960.) 100s. net.* 

TIPTON, Jr., C. R. (edited by). wa f Handbook, Vol. |: Materials. 
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Pp. xv+1207. (New Interscience Publishers, !nc.; London : 
Interscience Publishers, Ltd., 

Neg BUEREN, H. G. oh. - a in Crystals. (Series in Physics.) 
9 in. x6 in. (23 cm. 15-5 cm.). Pp. xviii+676. (Amsterdam : North- 
Holland Publishing Company ; New York : Interscience Publishers, Inc., 
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WILSON, : G., and SOUTHUYSEN, S. A. (edited by). Progress in 
Elementary Particle and Cosmic Ray Physics, Vol. 5. (Series in Physics.) 
9 in. x6} in. (23 cm.x 16 cm.). Pp. xii+461. (Amsterdam: North- 
Holland Publishing Company ; New York: Interscience Publishers, Inc., 
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YOURGRAU, Wolfgang, ant MANDELSTAM, Stanley. Variational 
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Applied Engineers : Statistics— 


GRASSIE, James C. 
8} in. x (22 em. x 15 em.). 


Dynamics—Strength of Materials. 

xiii+652. (London : Longmans, Green 1960.) 4! 
HALLERT, Bertil. Photogrammetry : Basic Principles. and General 
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LEBEDEV, S. A. (edited by). Computer a 
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ABELSON, D., and BROOKS, R. V. (edited by). Quantitative Paper 
Chromatography of Steroids: Pr ings of a Conference held at the 


Ciba Foundation, London, Ist July 1959. (Memoirs of the Society for 
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London : 


1Oin. x 7in. (25°5 em. x 18 cm Pp. xiii+ 1243. (New York : —_— 
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 reebr yew cm. « 15-5 cm.). “Pe. xii+443. (London and New York : 
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the Institute of stroleum. ) in. x 6} in. (25-5 cm. x 16 Pp. ix+ 
164. (London : Butterworths Scientific Publications, | 
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VICKERY, R. C. The Chemistry of Yetrium and Scandium. (Inter. 
national Series of Monographs on | anic Chemistry, Vol. 2.) 9 in. 
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14 cm.). Pp. iv+596. Warszawa : Pa Wyd ictwa Tech. 


niczne, 1959.) Cena zi. 33.* 
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HURST, R., LYON, R. N., and NICHOLLS, C. M. (edited by). Tecs- 
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Led., 1960.) Bound 10s. 6d. ; Paper 5s.* 
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CALDECOTT, Richard S., and SNYDER, Leon A. (edited by). A Sympo- 
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OBERTSON, S. Mineral Use Guide or Robertson s Spiders- 
one 7? in. i in. 19-5 cm.). Pp. 44. (London: Cleaver 
et TERMIER, Genevidve. Atlas de Paléogsographi 

TER! lenri, et enevi ie. 
~ hee x 7} in. (26 cm. x 18-5 cm.). Pp. 100, avec 36 figures en couleurs et 
S figures. (Paris: Masson et Cie., 1960.) 16 NF.* 


General Biology : Natural History 
Zoology : Botany 


BISSET, K. A., and DAVIS, G. HH. G. The Microbial Flora of the Mouth. 
8} in. x 6in. (21-5 cm. x 15-5 cm.). Pp. 100 +8 plates. (London : Heywood 
and Co., Led., 1960.) 22s. 6d. net.* 

BU URTON, Maurice. Wild Animals of the British Isles : a Guide to the 
Mammals, Reptiles and Batrachians of Wayside and Woodland. (The 
Wayside and Woodland Series.) 6} in.x5 in. (17 cm.x 12-5 cm.). Pp. 
ix+180+111 plates. (London and New York: Frederick Warne and 
Co., Led., 1960.) 17s. 6d. net.* 

BUZZATI-TRAVERSO, A. A. (edited by). immediate and Low Levei 
Effects of lonizing Radiations: Proceedings of the Symposium held at 
Venice on June 22nd-26th, 1959, under the joint Sponsorship of 
U.N.E.S.C.O., 1.A.E.A., and C.N.R.N. (Supplement to the International 
Journal of Radiation B. iology.) 10} in. x7 in. (26 cm. x 18 cm.). xii +381. 
(London : ae and Francis, Ltd., 1960.) 55s. ; 8 dollars.* 

CLAPHAM, A. R., TUTIN, T. G., and WARBURG, & F. Flora of the 
British Isles, illustrations Part 2: Drawings by 

Pp. (Cam- 


Rosac 
Sybil J. Roles. #1} in. x 8} in. (28-5 cm. «21 cm.). 
CROW, W. B. A Synopsis of Biology. 7} in. x Sin. (19 cm. x 12-5 cm.). 


bridge : Ac the University Press, 1960.) 25s. net.* 


Pp. Sy (327 illustrations). (Bristol : John Wright and Sons, Ltd., 
1960 
DODSON, Edward O. Evolution: Process and Product. Revised 


edition of “‘A Textbook of Evolution’’. (Reinhold s Books in the Biological 
Sciences.) 9} in. x 6} in. (23-5 cm. x 16 cm.). Pp. xvi+352. (New York : 
Reinhold Publishing Corporation ; London: Chapman and Hall, Lted., 
1960.) 55s. net.* 

ERRERA, Maurice, and FORRSBERG, Arne (edited by). Mechanisms in 


Vol. 2: Multicellular Organisms. 9 in. x6 in. (23 cm. x 
15-5 cm.) Pp. xiii +395. (New York : Academic Press, inc. ; London : 
Academic Press, Inc. (London), Ltd., 1960. ) 13 dollars.* 


ESAU, Katherine. Anatomy of Seed Plants. 9 in. x6 in. (23 em. x 15-5 
cm.). Pp. xvi+376. (New York : John Wiley and Sons, Inc. ; London : 
Chapman and Hall, Led., 1960.) 56s. net.* 

FAEGRI, Knut. Coast Plants. (Maps _ of Distribution of Norwegian 
gy Plants, Vol. 1.) 13 in. x 10 in. (33 cm. x25°5 cm.). Pp. 134+54 

maps. (Oslo : Oslo University Press, 1960.) n.p.* 

FEITZ-WEISBACH, Ingebord (edita ab). Scientiae Naturalis, Studia et 
Opuscula in Honorem Septuagenarii W. Weisbach, Civis Hagae Comitum, 
ab Amicas Collegisque Conscripta A.D. MCMLIX. 92in. > f= (25 cm. x 


16-5 cm.). . Pp. iv+145. (Den Haag: Uitgeverij Dr. W. Junk, 1960.) 
15 florins. 
FINK, Bruce. The Lichen Flora of the United States. 9} in. x6} in. 


(23-5 em. x 16 cm.). 
of Michigan Press ; 
dollars. ; 50s.* 

FRIEDLANDER, C. P. Heathland 
Biology.) 7}in.x Sin. x 12-5em.) x+94+-8 plates. (London : 
William Heinemann, Ltd., 1960.) 9s. 6d. net.* 

GEITLER, Lothar. Schizophyzeen. 2, umbearbeitete Auflage. (Hand- 
buch der Pflanzenanatomie, Band VI, Teil |. Zweite, vdllig iy 
Auflage herausgegeben von Prof. Dr. W. Zimmerman und Prof. Dr. P. 
Ozenda.) 9} in. x7 in. (25 cm. x 18 cm.). Pp. vii+ 131. Nikolas: 
see: Gebriider te 1960.) 57.50 D.M.* 

GLOCK, Waldo S., STU riALTER, R.A., and AGERTER,S.R. Classifica- 
tion and Multiplicity of Growth Layers in the Branches of Trees at the 
Extreme Lower Forest Border. (Smithsonian Miscellaneous Collections, 
Vol. 140, No. I. Publication 4421.) x i in. (24 em. x 16 cm.)._ Pp. 
x+294+36 plates. (Wash i ian Institution, 1960.) 
n.p. 


GORDON, Uernard L. A Guide Book to the Marine Fishes of Rhode 
Island. (23-5cm. x 16cm.). Pp. xi+136. (Watch Hill, Rhode 
Island : The Tackle .) 4 doltars.* 

Transport an ation in Bi ical 
ccumulatior (Lindon 


Pp. xii+426+47 plates. (Ann Arbor : pec | 
London: Angus and Robertson, Ltd., 1960.) 


(The Scholarship Series in 


HARRIS, E. J. 
Second edition. 83 in. x 52 in. (22 cm. x 15 cm.). Pp. xi+ 
Butterworths Scientific Publications, 1960.) 50s.* 

HILLABY, John. Nature and Man. (Progress of Science Series, No. 9.) 
8} in. x 52 in, (22 cm.x 15 cm.). Pp. 64+28 =. (London : Phoenix 
House, Led. ; New York : Roy Publishers, 1960. a . 6d. net.* 

HOFER, H., SCHULTZ, A. H., und STARCK, D. (herausg eben von). 
Primatologia: Handbuch der Primatenkunde. Vol. 2, Teil |, Lieferung 
5: Das Ohr. 10in. LAL (25-5 cm. x 18 cm.). Pp. iv+74. (Basel und New 
York : S. Karger, 1960.) 20 Swiss wud 

HORSFALL, J. G., and DIMOND, A Plant Pathology : 
an Advanced Treatise. Vol. 3: The Diseased Population, Epidemics and 


Control. 9 in. x6 in. (23 cm.x 15-5 on. ). Pi New York: 
Academic Books, Inc. ; London: Academic Inc. (London), Ltd., 
1960.) 27 dollars.* 


JARVIK, Erik. Théories de l’Evolution des Vertébrés : Reconsidérées a 
la Lumiére des Récentes Découvertes sur les Vertébrés Inférieurs. Préface 
et traduction du Prof. J. P. Lehman. (Monographies Scientifiques.) 94 in. 


< 6} in. (24 cm. x 16 em.). Pp. 104. (Paris : Masson et Cie., 1960.) 20 
NF. 4 
LEONE, Charles A., and OGILVIE, Philip W. Fetal Pig Manual. wee x 
8} in. (27 cm. cm.). Pp. v+52. (Minneapolis, Minn. : 
lishing Company ; London : Mayflower Publishing Co., Ltd., 4 qo ® 


LUNDEGAR H, Henrik. Pflanzenphysiologie. 9} in. x 63 a (24 cm. 
17 cm.). Pp. xv+717. (Jena : Gustav Fischer Verlag, 1960.) 48.70 D.M.* 

MACHLIS, Leonard (edited by). In association a BRIGGS, Winslow 
R. Annual Review of Plant Vol. 9 in. x6 in. (23 cm. x 
15-5 cm.). Pp. vii+468. (Palo Alto, lif.: Annual Reviews, Inc., 1960.) 


7 dollars.* 

MAXWELL, Gavin. Ring of Bright Water. 8} in. x5} in. oe: cm. 
15 cm.). Pp. x+211+48 plates. : Longmans, Green and Co., 
Ltd., 1960.) 25s. net.* 


PEASE, Daniel C. Histological Techniques for Electron Microscop roscopy . 

9 in. x6 in. (23 cm.» 15-5 cm.). Pp. xii+274. (New York: Academic 

—_ Inc. ; London: Academic Press, Inc. (London), Ltd., 1960.) 7.50 
jars. 

POLUNIN, Nicholas. introduction to Plant Geography and some 
Related Sciences. cm.). Pe. xix+640. (London : 

lant Marvels in Miniature Photographic Study. 
13 in. x 10 in. (33 cm. x 25-5 cm.). Pp. London : George 
G. Harrap and Co., Ltd., 1960.) 45s. n 7p - 6 

ROSS-CRAIG, Stella. ‘Drawings of Sotcieh Plants : Being Illustrations of 
the Species of Flowering Plants Growing Naturally in the British Isles. Part 
14: Adoxaceae, Caprifoliaceae, Rubiaceae, Valerianaceae, Dipsacaceae. 
92 in. x6 in. (25 cm. x 15-5 Pp. iii+39 plates. (London: G. Bell 
and Sons, Ltd., 1960.) 10s. 6d. 

ROSTAND, Jean. Error and Deception in Science : Essays on Biological 


Aspects of Life. poms ae from the French by A. J. Pomerans. 7} in. x 
x 12-5 = 1%. (London : Hutchinson and Co. (Pub- 
ishers 


1960. 

SAPIN-JALOUST! “Ecol ie du Manchit Adélie. (Actualité 
Scientifiques et Industrielles, No. 1270.) 9} in. x " iy cm. x 16 cm.). 
Pp. 211+32 planches. (Paris : pasene. 1960.) 

SCHULTZ, Leonard P., CHA N, Wilbert M., LANCHER, Ernest A., 
and WOODS, Loren P. Fishes ptf the Marshall and Marianas Islands. Vol. 2 
Families from Mullidae through Stromateidae. (Smithsonian Institution : 
United States National Museum, Bulletin No. 202.) 9}in.x 6in. (23-5 cm. 
x 15-Scm.). Pp. 75-123. (Washington, D.C. : Govern- 
ment Printing .) 2.25 dollars, paper bound.* 

SWANSON, Carl rf The Cell. (Foundations of Modern Biology Series.) 
9 in. x6 in. (23 cm. x cm.). Pp. xiii+114. (Englewood Cliffs, N.J. 
Prentice-Hall, Inc.; London: Prentice-Hall International, Inc., 1960.) 
21s., cloth bound ; ‘12s. 6d., paper bound.* 

TAY LOR, William Randolph. Marine Algae of the Eastern Tropical and 


Subtropical Coasts of the Americas. (University of Michigan Studies— 


Scientific Series, Vol. 21.) 9} in. x 6} in. (23-5 cm. x 16 cm.). Pp. ix+870 
pw places). (Ann Arbor: University of Michigan Press, 1960.) 19.50 
ollars. 


TEALE, Edwin Way. A Book About Bees. ete “S published as ‘‘The 
Golden Throng’. 8in. x 5} in. (20 cm. x 13 cm.) 208. Bloomington, 
Indiana: Indiana University Press ; London: om- 
pany, 1959.) 1.95 dollars ; |6s.* 

UMBREIT, Wayne W. (edited by). Advances in Applied Microbiology, 
Vol.2. 9in.x6in. (23 cm. x 15-5cm.). Pp. xii+384. (New York : Acade- 
mic Press, Inc. ; London: Academic Press, Inc. (London), Ltd., 1960.) 


12 dollars.* 
Asexual Propagation and 


‘Mark and 


VORONTSOVA, M. A., and LIOSNER, L. D. 
Regeneration. Translated from the Russian by P. M. Allen. Edited by F. 
Billett. 82 in. x 52 in. (22 cm.x 15 cm.). Pp. xxiv+489. 
New York : Pergamon Press, 1960.) 70s. net.* 

WILLIAMS, S., and BOND, G. Practical Botan 
for University and Intermediate Science Students. ition. 


(London and 


Year Course 
Ilin. x 


8h in. (28 cm. x 21-5 cm.). Pp. 102. (London : Edward Arnold (Publishers), 
Ltd., 1960.) 12s.* 
Agriculture : Horticulture : Forestry 


BUCKMAN, Harry O., and BRADY, Nyle C. The Nature and page ged 
of Soils: a College Text of Edaphology. Sixth edition. 9} in. x 
(23-5 cm. x 16 cm 4 Pp. xvii+567. (New York and London: The 
millan Comguey. New York, 1960.) 55s. 9d.* 

CRAMPT' E. W., and LYOYD, L. E. Fundamentals of Nutrition. 
(Series Agricultural Science. ) Bhin. in. (21-5 cm. x 15 em.). 

. Tw = (San Francisco and London : W. H. Freeman and Company, 
) 

DE ONG, E.R. Chemical and Natural Control of Pests. 9} in. x 6} in. 
(23-5 cm. 16 cm.). Pp. viii+244. (New York: Reinhol Publishing 
Corporation ; London : Chapman and Hall, Ltd., 1960.) 60s. net.* 


KUNDU, B. C., BASAK, K. C., and SARCAR, P. B. Jute in India: a 
Monograph. 8} in. (28-5 cm. x 22 em.) Pp. xv+395. (Calcutta : 
Indian Central Jute Committee, 1959.) Rs. 

LAIDLAW, W. B. R. Guide to British taint 8} in. x 5} in. 
(22 cm. 14 em.). Pp. viii+240. (London: Leonard Hill 

1960.) 30s.* 
Biochemistry : Physiology 
AMMON, R., und DIRSCHERL (herausgegeben von). Fermente—Hor- 


mone—Vitamine und die Beziehungen dieser Wirkstoffe Zueinander. 
Dritte erweiterte auflage in drei banden. Band 2: Hormone. Bearbeitet 
von |. Abelin, R. Ammon, J. Cosma, W. Dirscherl, F. Holtz, P. Holtz, A. 
Jost, G. Koller, H. Nowakowski, R. Pohl, W. Ponsold, Ch. Tamm, F. Verzar, 
und H. E. Voss. lO} in. x in. (26 cm. x Pp. xxiv +897. (Stutt- 
gart : Georg Thieme Verlag, 1960.) 148 

BOYER, Paul D., LARDY, Henry, and OAYRBACK, Karl (edited by). 
The Enzymes. Vol. 2: Purine and Pyrimidine Nucleotides and 
Prosthetic b ger and Cofactors (Part A). Second edition, com- 


gens. 
pletely revised. 9 in. x6 in. (23 cr...x 15-5 cm.). Pp. xiii+479. (New 
York : Academic Press, Inc. ; London : Academic Press, Inc. (London), 


16 dollars.* 

BRADY, Roscoe, O., and TOWER, Donald B. (edited by). The Neuro- 
chemistry of Nucleotides and Amino Acids: a Symposium of the Section 
on Neurochemistry, American Academy of Neurology. 9 in.x6 in. 
(23 cm. 15-5 cm.). Pp. xii+292. (New York: John Wiley and Sons, 
Inc. ; London : Chapman and Hall, Ltd., 1960.) 80s. net.* 

BROMPTON HOSPITAL REPORTS, Vol. 28, 1959. (A Collection of 
Papers by Members of the Staffs of ‘the Hospitals for Diseases of the 
Chest ; Brompton Hospital and the London Chest Hospital ; and of the 
Institute of Diseases of the Chest.) 8} in. = 5} in. (21-5 cm. x 15 em.). 
~ xii+ 258. (London : Lloyd-Luke (Medical Books), Ltd., 1960.) 15s. 


ORKIN, Marcel, and MASON, Howard S. (edited by). 
Biochemistry : a Comprehensive Treatise. Vol. 2: Free Energy and 
Biological Function. 9in. x 6in. (23 cm. x 15-Sem.). Pp. xix + 685. 
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York : Academic Press, Inc.; London: Academic Press Inc. (London), Led., 
1960. ) 20 dollars.* 

GLICK, David (edited by). Methods of Biochemical Analysis, Vol. 8. 
9 in. 6 in. (23 15-5 cm.). Pp. ix+400. (New York: Interscience 
Publishers, Inc. ; London: Interscience Publishers, Ltd., 1960.) 75s.* 

HEREMANS, Les Sériques du Systéme Gamma: leur 
Nature et leur Pathologie. 9% <6} in. (23-5 cm. x 16 cm.). Pp. 340. 
a : Editions Arscia S. 3 Parke : Masson et Cie., 1960.) n.p.* 

HIENZ, Hermann Adolf. Die "Zellkernmorphologische Geschlechtser- 
kennung in Theorie und Praxis. (Einzeldarstellungan aus Theorie und 
Klinik der Medizin, Band 10.) Yin. x 6in. (23 em. = 15-Scm.). Pp. x+219. 
(Heidelberg : Dr. Alfred Huthig Verlag 1959.) 30 D.M.* 

JACOB, Francois, WIGGLESWORTH, V. B., LORENZ, Konrad, 
BUCHANAN, John M., BRADLEY, S. E., EAGLE, H., KUFFLER, Stephen 
W., STANIER, Roger, and ZAMECNIK, Pau! C. The Harvey Lectures, 
Series 54, 1958-1959, delivered under the auspices of the Harvey Society 
of New York. 8} in. x5} in. (21 14 cm.). Pp. xiv+312. (New 
York : Academic Press, Inc. ; London : Academic Press, Inc. (London), 
Led., 1960.) 7.50 dollars.* 

JONES, |. Chester (edited by). Hormones in Fish : Proceedings of a 
Symposium held at the Zoological Society of | ondon, Regent's Park, 
London, !3cth October 1959. (Symposia of the Zoological Society of 
London, No. |.) in. x 6} in. (25-5 cm. 17 cm.). Pp. v+ 18145 plates. 
(London : Zoological Society of London, 1960.) 40s. net.* 

NOWINSKI, Wiktor W. Fundamental Aspects of Normal and Malignant 

Growth. 9} in. «7 in. (25 em.» 18 em.). Pp. xvi+1025. (Amsterdam : 
ag Publishing Company ; London: D. Van Nostrand Company, 
Led., -) 210s.* 
SASAMAMICK. Benjamin (edited by). Epidemiology of Mencal Disorder. 
9in. x 6in. (23cm. « 15-Sem.). Pp.x +296. (Washington,D.C. : American 
Association for the Advancement of Science ; London : Bailey Bros. and 
Swinfen, Led., 1959.) 59s.* 

POPIAK, G. (edited by). Biochemistry of Lipids : Proceedings of the 
Fifth International Conference on the Biochemical Problems of Lipids, held 
at the Fourth International Congress of Biochemistry, Vienna, 19: 
10 in. x 6} in. (25-5 cm. 16 cm.). Pp. xi+228. (London and New York : 
Pergamon Press, 1960.) 40s. net.* 

ROBERTS, Fulton. An Introduction to Hum: Blood Groups. 7} in. « 
Sin. (18 Sem. « 12-5em. Pp. 85. (London : Vvilliam Heinemann Medical 
Books, Led., 1960.) 9s. 6d 

ROSE, Harry M. (ediced 'by). Viral Infections of Infancy and Childhood : 
a Symposium of the Section on Microbiology, New York Academy of 
Medicine. 9 in. «6 in. (23 15-5 cm.). Pp. xi+244. (New York : 
Hoeber-Harper, 1960.) 8 dollars.* 

RYTAND, David A. (edited by). In association with CREGER, William 
P. Annual Review of Medicine, Vol. 9 in. 6 in. (23 em. 15-5 em.). 
Pp. viii+ 453. (Palo Alto, Calif. : Annual Reviews, Inc., 1960. ) 7 dollars.* 

HETTLES, Landrum 8B. Ovum Humanum : Growth, Maturation, 
Nourishment, Fertilization and Early Development. 9} 7 in. (24cm. « 
18 cm.). Pp. viii+79 (64 figures). (New York : Hafner Publishing Com- 
pany, Inc., 1960.) 55s.* 

SMITHERS, D. W. A Clinical Prospect of the Cancer Problem. (Mono- 
oe on Neoplastic Disease at Various Sites.) 10 in.» 7 in. (25-5 em. « 
8cm.). Pp. xv +232. (Edinburgh and London: E. and S. Livingstone, 
Led., 1960.) 37s. 6d. net.* 

SOMOGYI, J. C. ap ee von). Aktuelle Probleme der Ernahr- 
ung. (Modern Problems of Nutrition.) (Schriftenreihe des Institutes fiir 
Hendin as Band |. Biblioteca ‘‘Nutritio et Dieta’’, Fasc. |.) 
9} in. in. (25 cm. 17 cm.). Pp. viii+224. (Basel and New York : 
S. 1960.) 

SPITZY, K. H., and BRUNNER, R. Biochemistry of Antibiotics. (Pro- 
ceedings of the Fourth International Congress of Biochemistry, Vienna, 
1-6 September, 1958. (Voi. 5, Symposium 5. 1|.U.B. Symposium Series, 
Vol. 7.) Yin. 6in. (23 cm. x 15-5 cm.). Pp. xii+239. (London and New 
York : Pergamon Press, 1959.) 68s. net.* 

ao William A. R. The Searching Mind in Medicine. 8} in. x 
«14 em.). Pp. 187+25 plates. (London : Museum Press, 


WATERMAN, “Talbot R. (ediced by). The Physiology of Crustacea. 
Vol. |: Metabolism and Growth, 9 in. 6 in. (23 cm. 15-5 cm.). Pp. 
xvii+670. (New York: Academic Inc. ; London: Academic 
Press, Inc, (London), Led., 1960.) 22 dollars.* 

WELCH, Henry, and MARTI-IBANEZ, Felix (edited by). Antibiotics 
Annual, 1959-1960. 10} in. «7 in. (26 cm.x 18 cm.). Pp. xvii+ 1034. 
(New York: Antibiotica, Inc. ; London : incerscionce Publishers, Ltd., 
1960.) 15 dollars.* 

Sten. The Pharmacologica! Basis of Its Clinical 
Use (20 cm. 13 cm.). Pp. 146. (Stockholm : Almavist 
and "Wikeeil, 59.) 20 Sw. kr.* 


Anthropology : Archeology 


BLOCH, Raymond. The Origins of Rome. (Ancient Peoples and Places, 
Vol. 15.) 8h in. x 6in. (21 em. x 15-5 Pp. 212 (60 plates). (London : 
Thames and Hudson, Led., 1960.) 30s. net.* 

BRIGGS, Lloyd Cabot. Tribes of the Sahara. 9} in. x 6} in. (23-5 cm. 
16cm.). Pp. xx +295+433 plates. (Cambridge, Mass. : Harvard University 
Press ; London : Oxford University Press, 1960.) 32s. 6d. net.* 

CLARK, Ronald W. Sir Mortimer Wheeler. (The ‘Living Biographies’ 
Series.) 7} in. 5 in. (19 cm.x 12-5 cm.). Pp. 107+9 plates. (London : 
Phoenix House, Led., 1960.) 8s. 6d. net.* 

_DART, Raymond A., and CRAIG, Dennis. Adventures with the Missing 
Link. 8} S}in. (22cm. 1S em.). Pp. xv+251+20 plates. (London : 
Hamish Hamilton, Led., 1959.) 25s. net.* 

DART, Raymond A. Africa's Place in the Emergence of Civilization. 

Van Riebeeck Lectures.) 8} in. 5} in. (21 em.x 14 em.). Pp. 
~~” Uae South African Broadcasting Corporation, undated. ) 


STANTON, William. The sornerd s Spots : Scientific Attitudes Toward 
Race in America, 1815-S9. 9} in. x 6} in. (24 em. x 16 cm.). Pp. ix+245. 
of Chicago Press ; London : Cambridge University 


1960.) 32s. net.* 
THE ANNUAL OF THE BRITISH SCHOOL AT ATHENS, Nos. 53-54, 
1958-1959. 10 in. x 7} in. (25-5 cm. x 19 cm.). Pp. xii+312+74 plates. 
(London : The British scuold at Athens, 1960.) 108s 


net.* 


Philosophy : Psychology 

BALLARD, Edward G. (translated and introduced by). The Philosophy 
of Jules Lachelier: ‘‘Du Fondement de | Induction"’ ; ‘Psychologie et 
Métaphysique’’ ; “Notes sur le Pari de Pascal’’ ; together with Contribu- 
tions to “Vocabulaire Technique et Critique de la Philosophie"’; anda 
Selection from his Letters. 9} in. x 6} in. (24 cm. 16 cm.). Pp. xv +118. 
(The Hague : Martinus Nijhoff, 1960.) 8.50 

CHAMBADAL, Paul. Réalicé et Convention. in. » 5} in. (23 cm. 
1Scm.). Pp. 164. (Paris : Librairie Armand Colle, 1960.) n.p.* 

COHEN, John. Chance, Skill by Luck : The Psychology of Guessing 
and Gambling. (Pelican Book, A.482.) 7 4} in. (18 II cm.), 
Pp. 201. (Harmondsworth, Mddx.: Penguin Books, Ltd., 1960.) 3s. 6d.* 

G, C. G. The Structure and Dynamics of the Psyche. Translated 
by R. F.C. Hull. (The Collected Works of G. C. Jung, Vol. 8.) Phin.» 6} 
in. (23-5 cm. x 16cm.). Pp. x+596. (London : Routledge and Kegan Pau!, 
Led., 1960.) 42s. net.* 

TANNER, J. M. (edited by). Stress and Psychiatric Disorder : Proceed- 
ings of the Second Oxford Conference of the Menta! Health Research Fund. 
9 in. 5S} in. (23 em. x 15 cm.). Pp. (Oxford: Blackwell Scientific 
Publications, 1960.) net.* 

WESTWOOD, Gordon. A Minority : a Report on the Life of the Male 
Homosexual in Great Britain. 8} in. « 5} in. (22 cm. 15 cm.). Pp. xii+ 
216. (London : Longmans, Green and Co., Ltd., 1960.) 30s. net.* 

WILLNER, Dorothy (edited by). Decisions, Values and Groups, Vol. | : 
Reports from the First Interdisciplinary Conference in the Behavioral 
Sciences Division, held at the University of New Mexico. (Sponsored by the 
Air Force Office of Scientific Research.) 9 in. x6 in. (23 cm. x 15-5 cm.). 
Pp. xxix +348. (London and New York : Pergamen Press, 1960.) 80s. net.* 

YOVITS, Marshall C., and CAMERON, Scott (edited by). Self-Organizing 
Systems : Proceedings of an Interdisciplinary Conference, 5 and 6 May, 
1959. racts in Computer Science and Technology and their 
Application, Vol. 8? in. x 52 in. (22 cm. x 15 em.). Pe. ix+322. (Lon- 
don and New Yok Pergamon Press, 1960. ) 60s. net.* 
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Years. tl} in. x 82 in. (28-5 22¢cm.). Pp. 645+ 11 plates. (London : 
The Royal Institution of Naval Architects, 1960. Published in association 
with George Allen and Unwin, Ltd.). 105s. net.* 

BODSWORTH, Fred. The Strange One. 8in. x 5} in. oe cm. x 15 cm.). 
Pp. viii+400. (London : Longmans, Green and Co., Ltd., 1960.) 18s. net.* 

FAGLEY, Richard M. The Population Explosion and Chelation Responsi- 
bility. 8} in. x 5h in. (21 cm. x 14cm.). Pp. xii+260. (London : Oxford 
University Press; New York: Oxford University Press, Inc., 1960.) 

. net.* 

FOSTER, J. F. (edited by). Assisted by CRAIG, T. Commonwealth 
Universities Yea , 1960. Thirty-seventh edition. 9} in. x 6} in. 
£25 cm. = 17 cm.). Pp. xxxi +1509. (London : Association of Universities of 
<ae British Commonwealth, 1960.) 84s. ; 13 dollars.* 

FREEDMAN, Paul. The Principles of Scientific Research. Second, 
revised edition. 8} in. x 5} in. (22 15 cm.). Pp. xvii+227. (London 
and New York : Pergamon Press, 1960.) 25s. net.* 
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tion of the Mentally Ill : Socialand Economic Aspects. Yin. x 6in. (23 cm. » 
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Industrial World : an International Analysis. (McGraw-Hill Series in 
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1Scm.). Pp. 195. (London: Faber and Faber, Ltd., 1960.) 2Is. net.* 

SUTTON, Sir Graham (edited by). The World Around Us. (Six Essays 
based upon the Chr stmas Lectures delivered at the Royal Institution, 
1958.) 8} in. x5} in. (22 cm.x 15 cm.). Pp. vi+122. (London: The 
English ees Press, Led., 1960. ) 16s. net.* 

FUCKER. . L. Progress and Profits in British Economic Thought, 
1650-1850" tudies in Economic History.) 8} in. x 5} in. 
(22 em. « 15 em.). Pp. vii+206. (Cambridge : At the University Press, 
1960.) 2s. 6d. net.* 


| 
| 
| 
| 
| 
| 


Supplement to NATURE of November 26, 1960 


Ballistic Missile 
and Space Technology 
The Sth Symposium 
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Sponsored by Headquarters, Air Force Ballistic Missile Division, Space Technology 
Laboratories, Inc., and Aerospace Corporation 


Edited by DoNALD P. LEGALLEY 4 
Space Technology Laboratories, Inc., Los Angeles 


Published December 1960° 


} Tuis SYMPOSIUM provided a means for the free exchange of technical information 
and ideas among the engineers and scientists working on the United States ballistic missile and 
space programs. Scientific and technical developments have occurred in such fields as hyper- 
sonics, aerodynamic heating, material structures, propulsion, communications, computers, 
bioastronautics, and guidance with such rapidity that this free exchange of information and ideas 
is essential. 

In order to give the widest and most prompt distribution of the material presented in the 
symposium, the seventy-four unclassified papers are being published in these four volumes within 


as short a time as possible after their presentation. 


Volume 
Bioastronautics and Electronics 


December 1960, about 450 pp., illus., approx. 80s. 
Contents : 


December 1960, 441 pp., illus., approx. 80s. 
Contents : 


Volume 3 
Guidance, Navigation, Tracking 


and Space Physics 
December 1960, 450 pp., illus., approx. 80s. 


Introductory Addresses Contents : 
Bioastronautics Guida 4 Nevieati 
Inertial Guidance and Control rT ul — and Navigation 
Space Communications racking 
Computers Space Trajectories 
Telemetry Space Physics 

| Computing and Data Reduction 

Volume 2 4 

| i ower Desi 
Propulsion and Auxiliary @ wy and Velie 
Systems December 1960, about 425 pp., illus., approx. 80s. 


Contents : 
Re-entry Vehicle Materials 


| 
| Propellant Technology Advanced Re-entry Problems 

Ion Propulsion Re-entry Engineering Mechanics 

Heat Transfer and Materials Vehicle Design—Performance Analysis, System 
Auxiliary Power Systems Description and Operational Considerations 


* Available in England in January, 1961. 
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RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been received at ‘*‘Nature’’ Office 


Mathematics 


BARTLETT, M.S. An Introduction to Stochastic Processes, with special 
reference to Methods and Applications. 8} in. x in. (21-5 cm. x 14 cm.). 
Pp. xiv+312. (Cambridge: At the University Press, 1960.) 22s. 6d. 
net ; 2.95 dollars.* 

BHARUCHA-REID, A. T. Elements of the Theory of Markov Processes 
and Their Applications. (McGraw-Hill Series in Probability and Statistics.) 
9 in. x 6 in. (23 em. x 15-5 cm.). Pp. xi+-468. (New York : McGraw-Hill 
tome Company. Inc. ; London : McGraw-Hill Publishing Company, Ltd., 

89s.* 


RIDGE, !.W. The Mathematics of Transfer. (Cambridge 
TauseRiG Math and M | Physics, No. 50.) 8} in. x 5? in. 
em. x [5 cm.). Pp. vii + 143. (Cambridge : "At the University Press, 

1960.) 30s. net.* 

GILLMAN, Leonard, and JERISON, Meyer. Rings of Continuous Func- 

tions. (The University Series in Higher Mathematics. ) 9in. x 6in. (23 cm. 
«15-5 em.). Pp. ix+ . (Princeton, N.J.: D. Van Nostrand Company, 
Inc. ; London: D. Van Nostrand Company, Ltd. +» 1960.) 66s.* 

HANNAN, E. J. Time Series Analysis. 
Applied Probability and Statistics.) 7} in. x tr in. (19 em. x 12°5 cm.). Pp. 
viii+152. (London : Co., Led. ; New York: John Wiley 
an s, Inc., 1960. $. net 

HARDY. G.H., f WRIGHT, E. M. An Introduction to the Theory of 
Numbers. Fourth edition. 9} in. x 6} in. (23-5 cm. x 16 cm.). Pp. xvi+- 
421. (Oxford: Clarendon Press; London: Oxford University Press, 
1960.) 42s. net.* 


Physics 


DESIRANT, M., and MICHIELS, J. L. (edited by). Solid State Physics in 
Electronics and Telecommunications : Proceedings of an International 
Conference held in Brussels, June 2-7, 1958. Vol. 2: Semiconductors, 


. (nternational Union of Pure and Applied Physics.) 10 in. x 6} in. 
cm. ). Pp. xvii+639-1 (New York: Academic Press, 
Inc. London : Academic Press, Inc. (London), Led., 1960.) 18 dollars ; 


128s. 6d.* 
Robert, and HOFSTADTER, Robert. High-Energy Electron 
Pp. ix+278. (Stanford, 


10 7 in. cm. x 18 cm.). 
London : Oxford University Press, 


Calif. : tanford University Press ; 
1960.) 68s. net. 

0.) sae. Senne J. The Neutron Story. (The Science Study Series, 
Book |.) 7} in. in. (18-5em. 11-Sem.). Pp. 158. (London : William 
Heinemann, Ltd., .) 4s. 6d.* 

LAMB, Horace. Dynamics. 8} in. 5} in. (21-5 cm.x 14 cm.). Pp. 
xi+351. (Cambridge: At the University Press, 1960.) 18s. 6d. net ; 
3.75 dollars.* 

LEONTOVICH, M. A. (edited by). Plasma Physics and the Problem of 
Controlled Thermonuclear Reactions, Vol. 2. Translation editors: J. 
Turkevich and D. Hicks. Translated from the Russian by A. J. Meadows, 
D. L. Allan and Prof. M. Kemmer. 10 in. x 7} in. (25-5 cm. x 19 cm.). Pp. 
v +457. (London and New York : Pergamon Press, 1959.) 160s. net.* 

RICHARDS, James A., SEARS, Francis W.. WEHR, M. Russell, and, 
ZEMANSKY, Mark W. Modern University Physics. gree | Series 
in Physics.) 9} in. x 6} in. 5 cm. 16 cm.). Pp. xvi+993. (Reading, 
Mass., and London: Addison-Wesley Publishing Company, Inc., 1960.) 


RUSSELL, R. D., and FARQUHAR, R.M. Lead Isotopes in Geology. 
in. (3 cm. «15-5 cm.). Pp. viii+243. (New York: Interscience 
Publishers, Inc. ; London : Interscience Publishers, Led., 1960.) 65s.* 

SCHR RODINGER. Erwin. Statistical Thermodynamics: a Course of 
Seminar Lectures delivered in January—March 1944, at the School of Theore- 
tical Physics, Dublin Institute for Advanced Studies. 7} in. x 4} in. (18-5 em. 

12 cm.). Pp. vi+95. (Cambridge : At the University Press, 1960.) 
8s. 6d. ; 1.65 dollars, paper bound.* : 

TOLANSKY, S. Surface 9 in. x6 in. (23 
Pp. viii +296. (London ongmans, Green and Co., Ltd., 
1960.) 55s. net.* 

WOLKENSTEIN, M. W. Struktur und Physikalische Eige 
Molekiile. 9} in. x 6} in. (23-5 cm. 17 cm.). Pp. xiv+ 
B. G. Teubner Verlagsgeselischaft, 1960.) 58 D.M.* 


nschaften der 
(Leipzig : 


Engineering 


BASIC SYNCHROS AND SERVOMECHANISMS. (A Course of Training 
developed for the United States Navy by the New York Firm of Management 
Consultants and Graphiological Engineers, Van Valkenburgh, Nooger — 
Neville, Inc. Adapted to ‘British and Commonwealth 

Part 2: Pp. vi+ 112. Fin. x 6in. (23 em. x 15-5 em.). 
New York: The Brolet Press, 1960.) 
16s. net. per part. 


BUL, Hilde Kallmann (edited by). Space Research : ees te of the 
First Space Science Nice, January 11-16, 

9} in. x7 in. (25 cm. x 18 cm.). Pp. xvi+1195. (Amsterdam : 
Holland Publishing Company ; New York: Interscience Publisher-, Inc., 


1960. 
BISHOP, R. E. D., and JOHNSON, D.C. The Mechanics of Vibration. 
). Pp. xii+592. (Cambridge: At the 


10} in. » 
University Press, 1960.) 

CARR, Laurence H. A. The Testing of Electrical Machines. 8} in. x 5} 
in. (22 em. « 15 em.). Pe. 299. (London : Macdonald and Co. (Publishers), 
Led., 1960.) 50s. net.* 

COLLINS, 4. Editor). Radioactive Wastes : Their Treatment 
and 8} in. x 5} in. 14 cm.). Pp. xxi +239. (London : 
E. and F. N. Spon, Ltd., ) 


Pp. vii + 118. 
don: The Technical Press, Led. 


(Methuen’ s Monographs on . 


SCHENCK, Jr., Hilbert. Heat Transfer Engineering. 
cm. 15 cm.). ix+314. (London: 
Led., 1960.) 28s. ni 
SHEPHERD, D. to the Gas Turbine. 
9} in. x 6 in. (24 cm. 15-5 cm.). Pp. ix +300. 
Co., Ltd., 1960.) 45s. net.* 


8} in.» 
Longmans, Green and Co,, 


Second edition. 
{London : Constable and 


Chemistry : Chernical Industry 


CLARK, W. Mansfield. Oxidation-Reduction Potentials of Organic 
Systems. Yin. x 6in. (23 cm. os 5cm.). Pp. xi +584. (London : Bailliére, 


Tindall and Cox, Ltd., 1960.) 
KRUYT, H. R., and OVERBEEK, J. T. G. An Introduction to Physical 
Chemistry for Biologists and Medical Students with special reference to 


Colloid Chemistry. Translated by A. J. Mee in collaboration with J. E, 
Spice. 8} in. x 5} in. (22 cm.x 14.cm.). Pp. ix+197. (London: William 
Heinemann, Ltd., 1960.) 25s. net.* 

PAU ULING, Linus. The Nature of the Chemical Bond and the Structure 
of Molecules and Crystals : an Introduction to Modern Structural Chemis- 
try. Third edition. (The George Fisher Baker Non-resident Lectureship 
in Chemistry at Cornell University.) 94 in. x 6} in. (23-5 cm. x 16 cm.). 
Pp. xx+644. (Ithaca, New York : Cornell University Press ; London: 
Oxford University Press, 1960.) 60s. net.* 

PLESEK, Jaromir, and ZOBACOVA, Alena. 
Organické Chemii. Dil 5: Aldolisace a Pribuzné Reakce. 9} in. x 
(24 cm.x 18-5 cm.). Pp. 976. (Praha: Nakladatelstvi 
Akademie Ved, 1960.) Cena vaz. vytisku Kes. 89.* 

SEIDELL, Atherton. Solubilities : 7 and Metal-Organic Com- 
pounds—a Compilation of Solubility. Vol. A-ir. Data from the Periodi- 
cal Literature. Fourth edition by Dr. William F. Linke. 9 in. x6 in. 

cm.). Pp. iv+1487. (Princeton, N.J.: D. Van Nostrand 
Sayers Inc.; London: D. Van Nostrand Company, Ltd., 1958.) 
one G. H. 
ries of Monograp! 
5 cm. x 17 cm. 
Press, 1960.) 45s. 

WILSON, J. R. by). Demineralization by Electrodialysis. 83 in. 
52 in. (22 cm. x 1S cm.). Pp. xi+378. (London : Butterworths Scientific 
Publications, 1960. Ng 

WRINCH, Dorothy. Chemical Aspects of the Structure of Small Pep- 
tides : 10 in. x7 in. (25-5 cm. x 18 em.). Pp. viii+ 194. 
(Copenh ague : Ejnar Munksgaard, 1960.) 3.50 dollars.* 

ZELDOVICH, la. B., and KOMPANEETS, A. S. Theory of Detonation. 
9 in.x6 in. (23 em.x 15-5 cm.). Pp. i+284. (New York : Academic 
yo lye London: Academic Press, Inc. (London), itd., 1960.) 10 


Preparativni 


Homolytic Aromatic Substitution. 
raphs on Organic Chemistry, Vol. 4.) 
vii + 133. 


(International 
in. x 6} in. 
(London and New York : Pergamon 


Technology 


APPLEYARD, H. M. Guide to the Identification of Animal Fibres. 
10 in. x 7} in. (25-5 cm. x 19 Yr? Pe. viii+ 118. (Leeds : Wool Industries 
Research Association, 1960.) 4 

PROGRESS IN METALLURGICAL TECHNOLOGY : Lectures delivered 
at the Institution of Metallurgists Refresher Course, 1959. 8} in. x 5} in. 
(22 cm.x 15 cm.). Pp. vii+147. (London: Iliffe oy Sons, Led., 1960. 
Published for the Institution of Metallurgists.) 32s. 6d. net.* 


PRYOR, E.J. Mineral Processing. Second edition of “An incroduction 
to Mineral Dressing’. Revised and enlarged. 8} in. x5} in. (22 cm. 
1Scm.). Pp. vit+814. (London: Mining Publications, Led., 1960.) 90s.* 


WILKIN ON, W. D. (edited by). Extractive and Physical Metallurgy of 
Plutonium and ies Alloys. (Based on a Symposium held in San Francisco, 
California, February 16-17, 1959.) 9 in. «6 in. (23 cm. 15-5 em.). Pp. 


x+314. (New York: Publishers, Inc. ; London: Inter- 
science Publishers, Led., 1960.) 79s. ' 
Geography : Travel 
BRUUN, P., and GERRITSEN, F. Stability of Coastal inlets. 8} in. x 6 


i 
(22 cm. x 15-5 North-Holland Pub- 
lishing 

FOURNIER. Climat et Erosion : La Relation entre |’Erosion 
du Sol par I’Zau et les Précipitations Atmosphériques. 11! in. x9 in. 
(28 cm. 23 cm.). Pp. viii + 201 +6 planches. (Paris: Presses Universi- 
taires de France, 1960.) 20 NF. 

STEERS, J. A. (edited by). Seok Head Island. Revised edition. 9} in. 
in. (23-5 cm. x xi+269-+29 plates. (Cambridge: W. 
Heffer and Sons, Ltd. She. net.* 

STRAHLER, Archor Net Physical Geography. Second edition. 10} in. x 
7} in. nf em. x 19-5 cm.). Pp. vii+534. (New York: John Wiley and 
Sons, Inc. ; London : Chapman and Hall, Ltd., 1960.) 60s. net.* 


General Biology : Natural History : Zoology : 
Botany 


ABRAMS, Leroy, and FERRIS, Roxana S. Illustrated Flora of the 
Pacific States : Washington, Oregon and California. Vol. 4: Bignoniacese 


+123. (Amsterdam : 


to Compositae (Bignonias to Sunflowers). By Roxana S. Ferris. 10} in. 
7 in. (27 cm. x 18 cm.). Pp. vii+732. (Stanford, Calif. : Stanford | Univer- 
sity Press ; London : Oxford University Press, 1960.) 140s. net.* 


BACKEBERG, Curt. Die Cactaceae : wer der Kakteenkunde. 
Band 4: Cereoideae (Boreocereeae). 9% 
Pp. xxxi-xxxviii + 1927-2630+tafel 16!- 
Verlag, 1960.) 91 D.M.* 
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CAIN, A. J. (edited by). F ion and T. ic Importance :_a Sym- 
posium. (Publication No. 3.) 84 in. x 5} in. (21-5 cm. x 14 cm.). Pp. iti + 
140. (London: The Systematics Association, 1959.) 12s. 6d. ; 2 dollars.* 

CAMERON, Thomas W. M. (edited by). Evolution: Its Science and 
Doctrine—Symposium presented to the Royal Society of Canada in 1959. 
(Studia Varia Series, Vol. 4.) 9 in. x 6 in. (23 cm.x 15-5 cm.). Pp. xi+242. 
(Toronto : University of Toronto Press, 1960. Published for the Royal 
Society of Canada.) . net.* 

DEBOUTTEVILLE, Claude Delamare. Biologie des Eaux Souterraines, 
Littorales et Continentales. (Actualités Scientifiques et Industrielles, No. 
1280.) 92 in. x 6} in. (25 cm.x 165 cm.). Pp. 740. (Paris: Hermann, 
1960.) 60 NF.* 

DOETSCH, Raymond N. (edited by). Microbiology : Historical Contribu- 
tions from 1776 to 1908 by Spallanzani, Schwann, Pasteur, Cohn, Tyndall, 
Koch, Lister, Schloesing, Burrill, Ehriich, Winogradsky, Warington, 
Beijerinck, Smith, Orla-Jensen. 9} in. x6 in. (23-5 cm.x 16 cm.). Pp. 
xii+233. (New Brunswick, NJ.: Rutgers University Press, 1960.) 
5 dollars. * 

ESAU, Katherine. Laboratory Guide in Plant Anatomy. I! in. x 8} in* 
(28 cm.x 21-5 cm.). Pp. iii+32. (New York: John Wiley and Sons, 
Inc. ; London : Chapman and Hall, Lted., 1960.) 6s. net.* 

FOX, H. Munro, and VEVERS, Gwynne. The Nature of Animal Colours. 
(Textbooks of Animal Biology.) 8} in. x 52 in. (22 cm. x 15 cm.). Pp. 
vii +246+9 plates. (London: Sidgwick and Jackson, Ltd., 1960.) 42s. net.* 

GRZIMEK, Bernhard, and GRZIMEK, Michael. Serengeti shall not Die. 
9h in. x 6} in. (23-5 cm. x 16-Scm.). Pp. 344 (67 piates). (London : Hamish 
Hamilton, Led., 1960.) 30s. net.* 

HARPER, John L. (edited by). The Biology of Weeds : a Symposium of 
the British Ecological Society, Oxford, 2nd—4th April 1959. (British 
Ecological Symposium No. |.) 9 in. x6 in. (23 em. x 15-5 cm.). 
Pp. xv+256. (Oxford: Blackwell Scientific Publicati ; Springfield 
ili. : Charles C. Thomas, 196C.) 42s. net.* 

HERB. |. M. |. Handbook: Methods in Use at the Commonwealth 
Mycological Institute. 7} in.x5 in. (19 cm.x 12-5 cm.). Pp. vit+103+6 
plates. (Kew : Commonwealth Mycological Institute, 1960.) 12s. 6d.* 

MITCHELL, J. S. (edited by). The Cell Nucleus : Proceedings of an 
informal meeting held at the Department of Radiotherapeutics, University 
of Cambridge, 31 August-! September, 1959, by the Faraday Society. 
10 in. x 6} in. (25-5 cm. x 16cm.). Pp. xiii+269. (London Butterworths, 


1960.) 50s. 

PARKINSON, D., and WAID, J. S. (edited by). The Ecology of Soil 
Fungi: an International Symposium. 9} in. x6} in. (25 cm. x 16 cm.). 
Pp. xi+324. (Liverpool : The University Press, 1960.) 42s. 6d. net.* 

REPORT OF COMMITTEE il ON PERMISSIBLE DOSE FOR INTERNAL 
RADIATION : Recommendations of the International Commission on 
Radiological Protection. (ICRP Publication No.2.) 92 in. x 7} in. (25 cm. x 
18:5 cm.). Pp. xxxii+233. (London and New York: Pergamon Press, 
1959. Published for the International C ission on Radiological Protec- 
tion.) 30s.* 

SIMPSON, N. Douglas (compiled by). A Bibliographical Index of the 
British Flora, including Floras, Herbals, Periodicals, Societies and References 
relating to the Identification, Distribution and Occurrence of Phanerogams, 
Vascular Cryptogams and Charophytes in the British Isles. 114 in. x 8? in. 
(29 cm. x 22 cm.). Pp. xix+429. (Bournemouth : N. Douglas Simpson, 
3 Cavendish Road, 1960.) n.p.* 

TAX, Sol. (edited by). Evolution After Darwin. Vol. |: The Evolution 
of Life—its Origin, History and Future. Pp. viii+629. Vol.2: The 
Evolution of Man—Man, Culture and Society. Pp. viii+473. 9} in. x 6} in. 
(23-5 cm.x 16 cm.). (Chicago: University of Chicago Press ; London : 
Cambridge University Press, 1960.) 80s. net each volume.* 


Biochemistry : Physiology 


ABRAMSON, Harold A. (edited by). Neuropharmacology : Transac- 
tions of the Fifth Conference, May 27, 28, and 29, 1959, Princeton, N.J. 
91 in. x 6} in. (23-5 cm.x 16 cm.). Pp. 251. (New York: Josiah Macy, 
Ir. Foundation, 1960.) 6 dollars.* 

BENDER, Arnold E. Dictionary of Nutrition and Food Technology. 
8} in. x 53 in. (22 cm. x 15 cm.). Pp. vii+143. (London: Butterworths 
Scientific Publications, 1960.) 30s.* 

BIOCHIMIE COMPAREE DES ACIDES AMINES BASIQUES. (Colloques 
Internationaux du Centre National de la Recherche Scientifique, XVII, 
Concarneau, ler 4 Juillet, 1959.) 9} in. x 6} in. (24 cm. 16-5 cm.). Pp. 
436. (Paris: Editions du Centre National de la Recherche Scientifique, 
1960.) 45 NF.* 

BOURNE, G. H. (edited by). The Structure and Function of Muscle. 
Vol. 1: Structure. 9 in. x6 in. (23 cm. x 15-5cm.). Pp. xvi+472. (New 
York: Academic Press, Inc.; London: Academic Press, Inc. (London), 
Led., 1960.) 14 dollars.* 

BRINKHOUS, Kenneth M. (edited by). Assisted by DE NICOLA, 
Pietro. Hemophilia and other Hemorrhagic States : International Sym- 
posium, Rome. 9} in. x 6 in. (23-5 cm.x 15-Scm.). Pp. xx+266. (Chapel 
Hill, N.C. : University of North Carolina Press; London: Oxford- 
University Press, 1959.) 60s. net.* 

BROOM, W.A., and WOLFF, F. W. (edited by). Consulting Editor : 
Prof. F. G. Young. The Merchanism of Action of Insulin : a Symposium 
organized by the British Insulin Manufacturers. 9 in. x 5} in. (23 cm. 
15'S cm.). Pp. xvi+320. (Oxford: Blackwell Scientific Publications ; 
Springfield, Il. : Charles C. Thomas, 1960.) 32s. 6d. net.* 

BROUHA, Lucien. Physiology in Industry: Evaluation of Industrial 
Stresses by the Physiological Reactions of the Worker. With a Chapter 
by Dr. John A. Zarp, Jr. (international Series of Monographs on Pure and 
Applied Biology. Division: Modern Trends in Physiological Sciences, 
Vol. 4.) Yin. x 6 in. (23 cm. x 15-5 cm.). Pp. xii+145. (London and New 
York : Pergamon Press, 1960.) . net.* 

EDSALL, John T. (edited by). Amino Acids, Proteins and Cancer 
Biochemistry. (Papers preensed at the jessie P. Greenstein Memorial 
Symposium, Division of Biological Chemistry, American Chemical Society, 
September 16, 1959.) 9in. x 6 in. (23 cm. x 15-S5cm.). Pp. ix+244. (New 
York : Academic Press, Inc. ; London: Academic Press, Inc. (London), 
Ltd., 1960.) 7 dollars.* 

_GAUSE, G. F. The Search for New Antibiotics : Problems and Perspec- 
tives. (Trends in Science, Vol. 2.) 8} in. x 5} in. (21-S cm.x 14 em.). Pp. 
x97. (New Haven, Conn.: Yale University Press, 1960.) 4.75 dollars. 


6b in. (24 em. x 16 cm.). Pp. xv-+248. (Chicago: University of 
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HELLER, John H. (edited by). Reticuloendothelial Structure and Func- 
tion. (International Society for Research on the Reticuloendothelial 
System, Third International Symposium, Rapallo, Italy, August, 1958.) 
9 in. x6 in. (23 cm. 15-5 cm.). fp. x+473. (New York: The Ronald 
Press Company, 1960.) 12 dollars.* 

HIMMELWEIT, F. (compiled and edited by). With the assistance of the 
late Martha Marquardt. The Collected Papers of Pau! Ehrlich. Vol. 3: 
Chemotherapy. 9} in. x 6} in. (25 cm.x cm.). Pp. viiit+615+6 plates. 
(London and New York : Pergamon Press, 1960.) 160s. net.* 

HOMBURGER, F. (edited by). Progress in Experimental Tumor Re- 
search, Vol. |. 9} in. x7 in. (24 cm.x 18 cm.). Pp. xv+476. (Basel and 
New York: S. Karger, 1960.) 83 Swiss francs.* 

RERABEK, Jaroslav, und RERABEK, Emmy. Leitfaden der Gewebeziich- 
tung. 9} in. x 6} in. (24 cm.x 17 cm.). Pp. xiv+370. (Jenna: Gustav 
Fischer Verlag, 1960.) 64:90 D.M.* 

ROBERTS, Eugene (chairman of the organizing C 
Board). Inhibition in the Nervous System and Ga yric 
Acid: Proceedings of an International Symposium held at the City of 
Hope Medical Center, Duarte, California, May 22-24, 1959. in. x 6 in. 
(23 cm. x cm.). Pp. xii+591. (London and New York: Pergamon 
Press, | .) 100s. net.* 

SHILLING, Charles Wesley. Radiation : Use and Control in Industrial 
Application. (Modern Monographs in Industrial Medicine, Vol. 5.) in. x 
54 in. (22 cm. x 14 cm.). Pp. vili+-223. (New York and London: Grune 
and Stratton, Inc., 1960.) 6.75 dollars.* 


Philosophy : Psychology 


LOGAN, Frank A. Incentive : How the Conditions of Reinforcement 
affect the Performance of Rats. 9}in.x 6} in. (24cm. 16cm.). Pp. xv+- 
(New Haven, Conn.: Yale University Press ; London: Oxford 

University Press, 1960.) 48s. net.* 
PALTER, Robert M. Whitehead’s Philosophy of Science. 94 in. » 
hicago 


and Editorial 
Aminab 


Press ; London : Cambridge University Press, 1960.) 60s. net.* 

SCHAFFNER, Bertram (edited by). Group Processes : Transactions of 
the Fifth Conference, October 12, 13, 14 and 15, 1958, Princeton, N.J. 
9 in. x6 in. (23 cm. 15-5 cm.). Pp. 196. (New York: Josiah Macy, Jr., 
Foundation, 1960.) 4.50 dollars.* 

SEWARD, Georgene S., and SEWARD, John P. (edited by). Current 
Psychological Issues : Essays in Honor of Robert S$. Woodworth. 84 in. » 
Sh in. (21-5 cm.x 14 cm.). Pp. viiit+360. (London: Methuen and Co., 
Led., 1960.) 42s. net.* : 

SIMONS, Joseph H. A Structure of Science. 8} in. x5} in. (22 cm. » 
pty Pp. xi+269. (New York: Philosophical Library, 1960.) 4.75 
dollars.* 


Miscellany 


BERLIN, Juanita, COHEN, Edwin, COPLEY, Gordon J., EDLIN, H. L., 
HOOK, Oliver, LEVY, Juliette de Bairacli, VENNING, F.E. W., WIDNELL, 
H., MYERS, W. R., and PIGOTT, Sir Berkeley. The New Forest. 8} in.» 
54 in. (21-5 cm.x 14 cm.). Pp. x+201+27 plates. (London: Galley 
Press, Ltd., 1960.) 30s. net.* 

BIOGRAPHICAL MEMOIRS OF THE NATIONAL ACADEMY OF 
SCIENCES OF THE UNITED STATES OF AMERICA, Vol. 34. 9} in. x 
6} in. (23-5cm.x I6cm.). Pp. vii+368+ 15 plates. (New York : Columbia 
University Press ; London: Oxford University Press, 1960. Published 
= the National Academy of Sciences of the United States of America.) 

. net.* ‘ 

BROWN, Frederick (edited by). Statistical Year-Book of the World 
Power Conference No. 9: Data on Resources and Annual Statistics for 
1954-1957, with a considerable number of statistics for 1958. I1 in. x 
8} in. (28 cm. 22cm.). Pp. 216. (London: Percy Lund, Humphries and 
Co., Ltd., 1960. Published o behalf of the Central Office of the World 
Power Conference.) 70s. net.* 

HUTTON, Graham. Inflation and Society. 8} in. x5} in. (22 cm. x 
15cm.). Pp. 161. (London : George Allen and Unwin, Ltd., 1960.) 15s. 


net.* 

JESSUP, Philip C., and TAUBENFELD, Howard J. Controls for Outer 
Space and the Antarctic Analogy. (Columbia University Studies in Inter- 
national Organization, No. |.) 9} in. x 6} in. (24 cm. x 16-5 cm.). Pp. 
xi+379. (New York: Columbia University Press ; London: Oxford 
University Press, 1959.) 35s. net.* 

LA SCIENCE AU SEIZIEME SIECLE : Colloque International de Royau- 
mont, !-4 Juillet, 1957. (Collection Histoire de la Pensée-ll.) 8} in. x 
54 in. (21 cm. x 14em.). Pp. 344. (Paris : Hermann, 1960.) 15 NF.* 

SWAROOP, Satya. Introduction to Health Statistics for the use of 
Health Officers, Students, Public Health and Social Workers, etc. — x 
6} in. (24 cm. x 16 cm.). Pp. xix+343. (Edinburgh and London: E. and 
S. Livingstone, Ltd., 1960.) 40s. net.* 

SYSKI, R. Introduction to Congestion Theory in Telephone Systems. 
Chapter 2 by N. H. G. Morris. 10 in. x 6} in. (25-5 cm. x 16°5 cm.). Pp. 
xvi+742+-14 plates. (Edinburgh and London: Oliver and Boyd, Led., 
1960. Published for Automatic Telephone and Electric Co., Ltd.) 105s. 


net.* 

TAYLOR, G. Rattray. Eye on Research. 8} in. x5} in. (22 cm. 15 
Pp. xii+165+22 illustrations. (London: John Murray, 1960.) 
16s. net.* 

TAYLOR, Hugh (edited by). Science in Progress, Eleventh Series. 
(The Society of the Sigma X! devoted to the commeeeugment of Research 
in Science. National Lectureships, 1957 and 1958.)# 9} in. x 6} in. (23-5 
cm. x 16cm.). Pp. xii+379. (New Haven, Conn.: Yale University Press ; 
London : Oxford University Press, 1960.) 60s. net.* 

TSIOLKOVSKY, Konstantin. Beyond the Planet Earth. Translated from 
the Russian by Kenneth Syers. 7} in.x5 in. (19 cm. 125 cm.). Pop. 
vi+190. (London and New York : Pergamon Press, 1960.) 15s. net.* 

TURNBULL, H. W. (edited by). The Correspondence of Isaac Newton, 
Vol. 2: 1676-1687. 11 in. x8} in. (28 cm. 21 cm.). Pp. xiii+552+6 
plates. (Cambridge: At the University Press, 1960. Published for the 
Royal Society.) 147s. net.* 

YOUNGER, Kenneth. The Public Service in New States: a Study in 
some Trained Manp Probl in. x 5h in. (21-5 cm. x 14 cm.). 
Pp. viiit+113. (London : Oxford University Press, 1960.) 12s. 6d. net. 
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RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been received at ‘Nature’ Office 


Mathematics 


BARTLETT, M.S. Stochastic Population Models in Ecology and Epidemio- 
logy. (Methuen's Monographs on Applied Probability and Statistics.) 


7h in. x5 in. (19 em. x cm.). Pp. x+90. (London: Methuen and 
Co., Led. ; New York : John Wiley and Sons, Inc., 1960.) 12s. 6d. net.* 

DENIS-PAPIN, M. Mathématiques Générales. Tome |: Pp. xivii+ 
213+Ixiv. Tome 2: Pp. xxxiv+207+Ixiv. Septiéme édition, revue 
et augmentée. Dunod. ) in. x4 in. (1S cm. x 10 cm.). 
(Paris : Dunod, 1959 et 1960.) n.p 


HYSLOP, James M. Real Varubie. 
7} in. x 5 in. (19 cm. x 12-5 em.). Pp. viii + 136. ( 
Oliver and Boyd, Ltd., 1960.) 8s. 6d. net. 

KAHAN, ann Avec la collaboration de CAVAILLES, P., NEWTON, 
T. D., LOCHAK, G., GOUARNE, R., RIDEAU, G., et NATAF, R. Théorie 
des Groupes en Physique Classique et Quantique. Tome |: Structures 
Mathématiques et Fondements Quantiques. 9} in. x 6} in. (25 cm. x 16cm.). 
Pp. xxiv+664. (Paris : Dunod, 1960.) 75 N.F.* 

NORTHCOTT, D. G. An Introduction to Homological Algebra. 9} in. 
« 6} in. (23-5 em. x 16em.). Pp. xi+282. (Cambridge : At the University 
Press, 1960.) 42s. 6d. net.* 

OLKIN, mare GHURYE, S. G., HOEFFDING, Wassily, MADOW, 
William G., and MANN, Henry B. (edited by). Contributions to Probability 
and Statistics : Essays in Honour of Harold a (Stanford —~ x 
Mathematics and Statistics, No. 2.) 9} in. x 6} in. (24 cm. x 16 — - 
x+517. (Stanford, Calif.: Stanford University Press ; London : baond 
University Press, 1960.) 52s. net.* 

RINDLER, W. Special Relativity. (University Mathematical Texts.) 
(Edinburgh and London: Oliver and Boyd, Led., t900.) 


(University Mathematical Texts.) 
Cdinburgh and London : 


10s. 6d. 
TAKACS, L. Stochastic Processes : Problems and Solutions. Translated 


by P. Zador. (Methuen's Monographs on Applied Probability and Statis- 
tics.) 7} in. x 5 in. (19 em. x 12-5 cm.). Pp. xi+137. (London : Methuen 
and Co., Led. ; New York : John Wiley and Sons, Inc., 1960.) 18s. net.* 
WEBB, H. A., and ASHWELL, D. G. A Mathematical Tool-Kit for 
~ ineers. Second edition. Pp. vii+116. (London : Longmans, Green 
Co., Led., 1959.) 15s.* 
Physics 


ANDREWS, R. D. (edited 
Vol. 3, 1959. 9} in. x 6 in. (23- 
Interscience Publishers, Inc. ; 
1960.) 5Sis.* 

BAUER, Ernst. Elektronenbeugung : Theorie, Praxis und Industrielle 
Anwendungen. 8} in. x6 in. (21 cm. x “5 cm.). Pp. 233. (Miinchen : 
Verlag Moderne Industrie, 1958.) 32 D.M 

BITTER, Francis. ee The bal of a Physicist. (The Science 
Study Series, Book 2.) 7} in. x 4} in. cm. 11-5 em.). Pp. 155. 
(London : William Heinemann, Ltd., 1960.) 4s. 6d.* 

BOYS, C. V. Soap Bubbles and the Forces which Mould Them. (The 
Science Study Series, Book 3.) 7} in. x 4} in. (18-5 11-5 cm.). Pp. 
156. (London: William Heinemann, Led., 1960.) 4. 6d.* 

CARR, Laurence H. A. Relativity for Engineers and Science Teachers. 
7} in. 5 in. (19 em. x 12-5 em.). Pp. vit 52. (London: Macdonald and 
Co. (Publishers), Led., 1960.) 12s. 6d. net.* 

CHANDRASEKHAR, S. Plasma Physics. 8 in. 5} in. (20 cm. x 13 em.). 
Pp. 217. (Chicago : yy 4 of Chicago Press ; London : Cambridge 
University Press, 1960.) 

DESIRANT, M., and MICHIELS, i. L. (edited by). Solid State Physics in 
Electronics and Telecommunications : Proceedings of an International 
Conference held in Brussels, June 2-7, 1958. Vol. 3 : Magnetic and Optical 
Properties, Part | (International Union of Pure and Applied Physics). 


). Transactions of the Society of Rheology, 
cm. x 15-5cm.). Pp.ii+216. (New York. 
London: Interscience Publishers, Ltd., 


10 in. x 6} in. (25-5 em. = 16 cm.). Pp. xvi+557. (New York : Academic 
Press, Inc. ; London: Academic Press, Inc. (London), Led., 1960.) 18 
dollars ; 128s. 6d.* 


JERRARD, H. G., and McNEILL, D. B. Theoretical and Experimental 
Physics. 8} in. x SP in. (22cm. 1S5cm.). Pp. xiv-+624+46 plates. (London: 
ba and Hall, Led., 1960.) 75s. net.* 

NES, H. The Theory of Brillouin Zones and Electronic States in 
(Series in Physics.) 9 in. x 6} in. (23 cm. x Pp. x+268. 
(Amsterdam : North-Holland ye Company ; New York: Inter- 
science Publishers, Inc., | 


Engineering 


DUNCAN, W. J., THOM, A. S., and YOUNG, A. D. An Elementary 
Treatise or the Mechanics of Fluids. 9} in. x 6} in. (23-5 cm. x 16 cm.). 
Pp. xii +714. (London : Edward Arnold (Publishers), Ltd., 1960.) 70s. 


net 
HOFF, Nicholas John, and VINCENTI, Walter Guido (edited > Aero~ 
nautics and Astronautics : Proceedings of the Durand Centennial Confer- 
ence held at Stanford University, 5-8 ae 1959. (International Series on 
Aeronautical Science and Space Fli ~ Division 9 | Symposia, Vol. 4.) 
9} in. x 6} in. (23-5 cm. x 16 cm. , p. x +460. (London and New York : 
Pergamon Press, 1960.) 80s. n 

MEGHREBLIAN, Robert V., a HOLMES, David K. Reactor Analysis. 
(McGraw-Hill Series in Nuclear 9 in. x6 in. (23 cm.» 
15-5 em.). ix+808. (New York: McGraw-Hill Book 
Inc. } London : McGraw-Hill Publishing Company, Ltd., 1960.) 

MONZINGER, Friedrich. Atomkraft: Der Bau Ortsfester 
licher Atomantriebe und seine Technischen und VVirtschaftlichen Pro- 
bleme. Eine Kritische Einfihrung fiir Ingenieure, Volkswirte und oe 
Dricte, umgearbeitete stark — Auflage. 9} in. x 6} in. A+ 6 cm 
« 16 em.). Pp. xii +304. 


: Springer-Verlag, '960.) 42 D. 


NASLIN, P. Principes des Calculatrices, Numériques Automatiques, 
Deuxiéme ‘édition, corri et remani (Monographies Dunod, No. |.) 
xb in. (16-5 cm. x cm.). Pp. “4243, (Paris : Dunod, 1960.) 


POYEN, rag et POYEN, Jeanne. Le Langage Geceronique. ("Que 
Sais-je No. 900 -) 7 in. x in. (18 cm. x ¢m.). Pp. 128. (Paris 
eee de France, 1960.) n.p.* 

ROBERTS, J. Frequency of Ferrites. (Electrical 
Engineering Series.) 7} in.x Sin. (19cm. 12-5cm.). Pp. x+ 166. (Lon- 
don : English Universities Press, (3. 1960.) 16s. net.* 

SMITH, D. R. L. Fluid Mechanics Through Worked Examples. With 
chapters on The Stream Function, Circulation, Vorticity and ential 
Function by Dr. J. Houghton. 9 in. x6 in. (23 cm. x 15° 5 cm.). Pp. 344. 
Centos : Cleaver-Hume Press, Ltd., 1960.) 28s. net 

WEST, John C. Analytical Techniques for BA ad Control Systems. 
Engineering Series.) 8}? in. (22 cm. x 14.cm.). Pp. 223. 
London : English Universities Press, 5 . net.* 


Chemistry : Chemical Industry 


COOPER, D. G. The Periodic Table. Second edition. 7} in. x 4} in. 
18-5 cm. cm.). x+93. (London: Butterworths Scientific 
blications, 1960.) 7s. 6d.* 
DEAN, John A. Flame Photometry. (McGraw-Hill Series in Advanced 
istry.) 9} in. x in. (23-5 cm.x 16 cm.). Pp. viiit+354. (New 
ork : icGraw-Hill Book Company, Inc.; London: McGraw-Hill 
Publishing Company, Ltd., 89s.* 
DYKE, S.F. The Carbohydrates. (The Chemistry of Natural Products, 
Vol. 5.) 9 in. x6 in. (23 cm. x 15-5m.). Pp. v+232. (New York : Inter- 
science Publishers, Inc. ; London: Interscience Publishers, Ltd... 1960.) 


ELLIOTT, John F., and GLEISER, Molly. Thermochemistry for Steel- 
making, Vol. |. (Sponsored by the American Iron and Steel Institute.) 
x 21-Scm.). Pp. viii+ 296. (Reading, Mass. : Addison- 
Company, Inc.; London: Pergamon Press, 1960.) 


75s. ni 

EMELEUS, H. J., and SHARPE, A. G. (edited by). Advances in Inorganic 
Chemistry and Radiochemistry, Vol. 2. 9 in. x6 in. (23 em. x em.). 
Pp. viii+392. (New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Led., 1960.) 12 dollars.* 

MMETT, Paul H. (edited by). Catalysis, Vol. 7 : Oxidation, Hydration, 
Dehydration and Cracking Catalysts. 9 in. x6 in. em. x 15-5 em.). 
Pp. vi+378. (New York: Reinhold Publishing Corporation ; London : 
Chapman and Hall, Led., 1960.) 108s. net.* 

FIESER, Louis F., and FIESER, Mary. Style Guide for Chemists. 9 in. 

6 in. (23 em. x 15-5 _ ). Pp. vi+116. (New York: Reinhold Publishing 
Corporation ; Lond Chapman and Hall, Ltd., 1960.) 24s. net.* 

GOTTSCHALK, Alfred. The ow and Biology of Sialic Acids and 
Realted Substances. 8} in. 5} in. (22 cm. x 15 Pp. ix+115+8 
plates. (Cambridge : At the University Press, 1960.) 22s. 6d. net.* 

AIS, |. M., und MACEK, K. (herausgegeben von). Handbuch der 
ew Por Band 2 Bibliographie und Anwendungen. 
94 in. x7 in. (24 cm. x cm.). Pp. xxiv+726. (Jena: Gustav Fischer 
Verlag, 1960.) 44D.M.* 

HEYS, H. L. An Introduction to Electronic Theory of Organic Com- 
pounds. 8} in. x 5} in. (22 cm. 14.cm.). Pp. 236. (London : George G 
Harrap and Co., Ltd., 1960.) 6s, net.* 

KIRSCHENBAUER, H.G. Fats and Oils : an Outline of Their Chemistry 
and Technology. Second edition. 9} in. x 6} in. (23-5 em.x 16em.). Pp. 
vi+240. (New York: ae Publishing Corporation ; London: 
Chapman and Hall, Ltd., 1960.) 56s. net.* 

MEYER, Lillian Hoagland. Food Chemistry. (Reinhold Organic Chemis- 
try and Biochemistry Textbook Series.) in. x 6 in. cm. x 15-5 cm.). 
Pp. xiv+385. (New York : Reinhold Publishing Corporation ; London : 
Chapman and Hall, Led., 1960. ) 65s. net.* 


Technology 


DERRY, T. K., and 1. A Short History of Technology 
from the Earliest Times to A.D. | 8} in. x 5} in. (22 cm. x 15 em.). Pp. 
xviii+782. (Oxford : Press ; London: Oxford University 


Press, 1960.) et. 
DUDDINGTON, C.L. Practical Microscopy. 8} in. x 5} in. (22 cm 
15 cm. .). PP ix+237. (London: Sir Isaac Pitman and Sons, Ltd., 960. ) 


30s. n 
SONCAN, George San wiry by). Bibliography of Glass (From the 
Earliest Records to 1940 940). € Edited by Violet Dimbleby. 10} in. x 8} in. 
(26°5 cm. 21 cm.). Pp. viii+544._ (London : Dawsons of Pall Mall, 1960. 
Published for the Society of Glass Technology, Sheffield.) £15.* 

INTERNATIONAL SYMPOSIUM ON THE PROBLEMS OF AUTOMA- 
TION, Milan, 8-13 April, 1956. (Sponsored by the Italian National Research 
Council, in co-operation with the Italian National Committee for Produc- 
tivity.) (‘Science Days’’ 6th Session.) Vol. 1: Pp. cxv+ 1-882. Vol.2: 
Pp. 883-1836. Vol. 3: Pp. 1837-2380. 93 in. x 62 in. (25 em. x 17 em.). 
(London and New York : Pergamon Press, 1959.) £12 ; 35 dollars per set 
of three volumes.* 


General Biology : Natural History : 
Zoology : Botany 


CLARK, Sir Wilfrid le Gros. History of the Primates : an Introduction 
to the Study of Fossil Man. Seventh edition. 8} in. x 5} in. (21-5 cm 
14 cm. ). Pp. vit 119. (London : British Museum (Natural History), 1960.) 
5s.* 
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DARLING, F. Fraser. Wild'Life in an African Territory : otuty made “4 
the Game and Tsetse Control Department of Northern Rhod 8} in. 
§} in. (22 x 1S Pp. viii+ 160. (London : Oxford 
s. ne’ 
Lilian LINTON, A. H., FOLKES, B. F., and CARLILE, M. 
An Introduction to the Biology of M icro-organisms. 9 in. x6 in. es cm. 
(5-5em.). vii +452 (40 plates). (London : Edward Arnold (Pu lishers), 


1960.) 35s. net.* 
JEAN NNEL, R. Introduction to E lated by Harold 
Oldroyd. 9 in. x6 London : 


in. (23 cm. x 15°5 cm.). 344 Places). 
Heachinece and Co. (Publishers), Ltd., 1960.) 63s. n 

KERKUT, G. A. Implications of ‘Evolution. } <a Series of 
Monographs on Pure and Applied ages Division : Zoology, Vol. 4.) 
8} in. x 53 in. ar cm. x 15 cm. ). +174, (London and ‘ow York : 
Pergamon Press, 1960.) 30s. n 

PFEIFFER, Carl C., and SMYTHIES, John R. (edited by}. International 
Review of Neurobiology, Vol. 2. 9 in. x6 in. (23 cm.x 15-5 cm.). Pp. 
xii+410. (New York : Academic Press, Inc. ; London : Academic Press, 
inc. (London), Led., 1960.) 11 dollars.* 

QUER, P. Font. The Anatomy of Plants. (Arrow Science Series.) ia in. 
xSin. (19 em. x 12-5 em.). Pp. 128. (London : Arrow Books, Ltd., 1960.) 
Bound 10s. 6d. ; Paper 5s.* 

VAUCHER, Charles. Sea Translated by James Hogarth. Il}in.x 
9 in. (28-5 cm. x23 cm.). Pp. 254 (255 photographs). (Edinburgh and 
London : Oliver and Boyd, Led. 1960.) 105s. net.* 

VEDEL, Helge, and LANGE, Johan. Trees and Bushes in Wood and 
Hedgerow. Translated by C. H. R. Hillman. Adapted by H. L. Edlin. 
7} in. x aK in. (19 cm. x 12-5 cm.). Pp. 224. (London: Methuen and Co., 
Ltd., 1960.) 16s. net.* 

VON FRISCH, Karl. Ten Little Housemates. 7} in.x5 in. (19 cm. 
as cm.). Pp. 146. (London and New York: Pergamon Press, 1960.) 

WILLIS, ‘A. Trevor. Anaerobic Bacteriology in Clinical Medicine. 
8} in. x 52 in. (22 cm. x 15 cm.). Pp. xii+163+13. (London: Butter- 
worth and Co. a. Led., 1960.) 30s. net.* 

YONGE, C. Oysters. (New Naturalist Special Volume.) 8 in. x 
5} in. (20 cm. x cm.). Pp. xiv+209+17 plates. (London: William 
Collins, Sons and Co., Ltd., 1960.) 2Is. net.* 


Agriculture : Horticulture : Forestry 


HOCKENSMITH, Roy D. (edited by). Water and Agriculture : a Sym- 
posium presented at the Washington Meeting of the American Association 
for the Advancement of Science, December 29-30, 1958 9% in. x 6} in. 
(23-5 em.x 16 cm.). Pp. viiit+198. (Washington, D.C.: American 
Association for the Advancement of Science ; London : Bailey Bros. and 
Swinfen, Ltd., 1960.) 45s. 

MASON, I. L., and MAULE, J. P. The Indigenous Livestock of Eastern 
and Southern Africa. (Technical Communication No. 14 of the Common- 
wealth Bureau of Animal Breeding and Genetics, Edinburgh.) !0in. x an Aa in. 
(5:5 cm. x 16 cm.). Pp. xv+151+179 Royal, B 
Commonwealth Agricultural Bureaux, 1960.) 4 

SINGH, Lal Behari. The Mango: Botany, +. and Utilization. 
(World Crops Books.) !0in. x 6} in. (25-5 cm. x l6cm.). Pp. xiii +438+ 
$4plates. (London : Leonard Hill (Books), Ltd.; New York : Interscience 
Publishers, Inc., 1960.) 84s. net.* 

VANSTONE, Ernest, and DOUGALL, Bristow M. Principles of Dairy 
Science. 8} in. x 5}? in. cm. x 15 cm.). . Pp. 238. (London: Cleaver- 
Hume Press, Ltd., 1960.) 25s. net.* 

VOISIN, André. Better Grassland Sward : Ecology—Botany—Manage- 
ment. Translated from the French by Catherine T. M. Herriott. 8}? in. 
5} in. (22 em. x 15 = “); Pp. xiii+341. (London: Crosby Lockwood and 
Son, Led., 1960.) 4: 


Biochemistry : Physiology 


KLINISCHE PHYSIOLOGIE : Aktuelle Probleme in Ubersichten. Unter 
Mitwirkung der der Deutschen Medizinischen Wochenschrift. 


Herausgegeben von Dr. W. A. Miller. Band 1, Lieferung 2. 10} in. x 
7} in. (27 cm. x.18-5 he Pp. 119-203. (Stuttgart : Georg Thieme 
Verlag, 1960.) .M.* 


18 
LUCK, J. Murray (edited by). In association with ALLEN, Frank W., 
and MACKINNEY, Gordon. Annual Review of Biochemistry, Vol. 29, 
9 in. x6 in. (23 em. x 15-5 cm.). Pp. vii+786. (Palo Alto, Calif. : Annual 
Reviews, Inc., 1960.) 7 dollars.* 


PINCUS, Gregory (edited by). Recent Progress in Hormone Research, 


Vol. 16: Proceedings of the Laurentian Hormone Conference, 1959. 
9 in. x6 in. (23 cm. x 15-5 cm.). Pp. viii+608. (New York: Academic 
Press, Inc. ; London: Academic Press, Inc. (London), Ltd., 1960.) 14 


dollars. * 

REITZ, L. P. (edited by). Biological and Chemical Control of Plant and 
Animal Pests : a S pr d by Section O on Agriculture at the 
Indianapolis Meeting of the A aly mw Association for the Advancement of 
Science, December 28- 9} in. x 6} in. (23-5 cm. x 16 cm.). Pp. 
xii +273. (Washington, D. : American Association the Advancement 
of Science ; ; London: Bailey Bros. and Swinfen, Led., .) 52s.* 
STARKOV, P. M. (edited by). The Problem of prem Hypothermia. 
Translated from the Russian by R. E. Hammond. Edited by Prof. E. Neil. 
8} in. x 53 in. a = x 15 em.). Pp. viii+219. (London and New York : 
Pergamon Press, 1960.) 70s. net.* 

STEWARD, F. e (edited by). Plant Physiology : a Treatise. Vol. IA: 
Celluiar Organization and Respiration. 9 in. x6 in. (23 cm. x 15-5 em.). 
Pp. xxvii+331. (New York : Academic Press, Inc. ; London: Academic 
Press, Inc. (London), Ltd., 1960.) 13 dollars.* 

SYMPOSIUM ON SALT AND WATER METABOLISM, New York City, 
December !1-12, 1959. (Originally published by the American Heart 
Association and the New York. Heart Association as a Supplement to 
Circulation, Vol. 21, No. 5, Part 2, May 1960.) 102 in. x8 in. (27 cm. x 

cm.). Pp. ii+805-1060. (New York: New York Heart Association, 


1960.) 2 dollars.* 
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UMBREIT, W. W. Metabolic Maps, Vol. 2. 
22cm.). Pp.ix+278. (Minneapolis, Minn. : 
London : 


Mayflower Publishing Co., Ltd., 
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G. E. W., and O'CONNOR, Cecilia (edited by). 
Ciba on Congenital Malformations. 8} in. 
remix em.). Pp. xii-+308" (London: J. and A. Churchill, 
Ss. net. 

WOLSTENHOLME, G. E. W., and O'CONNOR, Maeve (edited by). 
Ciba Foundation Symposium on Cellular Aspects of wn * 8} in. 


in. (21 cm. x 14 cm.). Pp. xii+495. (London: J. and A Churchill, 
Ltd., 1960.) 60s. net.* 
YAPP, W. B. An introduction to Animal Physiology. Second edition. 


7 in.x5 in. em.x cm.). Pp. xix+423+4 plates. (Oxford : 
larendon Press ; London : Oxford University Press, 1960.) 25s. net.* 


Anthropology : Archzology 


BRENNAN, Louis A. No Stone Unturned : an Almanac of North 
American Prehistory. 8} in. x 5} in. (22 cm.x IS cm. 4 -PP- xii+370+8 
plates. (London : Victor Gollancz, Ltd., 1960.) 25s. n 

DUGAST, Idelette. Monographie de la Tribu ry Naiki : (Banen du 
Cameroun). Tome 2: Vie Sociale et Familiale. (Travaux et Mémoires de 
Vinstitut d’Ethnologie, Vol. 63.) 11 in. x 7} in. (28 cm. x 18-5 cm.). Pp. 
xx+634. (Paris : Institut d’Ethnologie, 1960.) n.p.* 

KERN, Fritz. The Wildbooters. 8? in. x 5} in. (2 cm. x 15 cm.). Pp. 
xi+204. (Edinburgh and London : Oliver and Boyd, Ltd., 1960.) 2Is. net.* 

MONTAGU, M. F. Ashley. An Introduction to Physical Anthropology 
Third edition. 9 in. x 6in. (23 cm. x 15-S5cm.). Pp. xvi+771. (Springfield, 
C. Thomas; Oxford: Blackwell Scientific Publications, 


Philosophy : Psychology 


GILLISPIE, Charles Coulston. The Edge of Objectivity : an Essay in the 
History of Scientific Ideas. 8} in. x 5} in. (22 cm.x 15 cm.). Pp. ix+ 562. 
(Princeton, N. J. : Princeton University Press ; London : Oxford Univer- 
* Press, 1960.) 42s. net.* 

AHN, Theodore C., and GIFFEN, orn e. Psychological Techniques 
in ds and Evaluation. 82 in. x5 (22 cm. x 15 cm.). Pp. xi+ 164. 
(London and New York : Pergamon een, 1960.) 40s. net.* 

LA METTRIE. L'Homme Machine: a Study in the Origins of an Idea. 
Critical edition, with an Introductory es to and Notes by Prof. 
Aram Vartanian. 9} in. x 6} in. (24cm. x 16 cm.). . ¥ +264. (Princeton, 
N.J. ee. University Press ; London : Oxtord University Press, 


1960. 

URMSTON, J Lo. (edited by). The Concise Encyclopaedia of Western 
Philosophy and hers. (New Horizon Books.) 10 in. x7} in. 
(25-5 cm. x 19 ¢ Pp. iy (104 plates). (London : Hutchinson and Co. 
(Publishers), Ltd, 1960.) 50s. nee,” 

vi . Gaston. | Evol and Forms. (Arrow Science 
Series.) in. x5 in. (19 cm. x ‘12:5 em. ). Pp. 127+4 plates. (London : 
Arrow Books, Ltd., 1960.) Bound 10s. 6d. ; Paper 5s.* 


Miscellany 
ADVISORY COMMITTEES IN BRITISH GOVERNMENT. 8} in. » 
54 in. (22 cm.x 14.cm.). Pp. xii+228. (London : Political and Economic 
Planning, and rae *y og and Unwin, Ltd., 1960.) 25s. net.* 
ANDRADE, E. N. d A Brief History ‘of the Royal Society. 10 in. » 
Pp. iii+ 28+ 14 plates. (London: The Royal 


6}? in. (25-5 em. 
) 10s. 6d. ; 2 dollars.* 
»H.D. Sir Isaac Newton. (Life of Science Library, No. 39.) 
8} in. x 5} in. (22 cm. x 15em.). Pp. 224+10 plates. (London: Abelard- 
Schuman, 1960.) 2is. net.* 
BROWN, Wilfred. Exploration in Management. 8} in. x 5} in. (22 cm. x 
2. Pp. xxii+326. (London: William Heinemann, Ltd., 1960.) 


CAPES, Mary (edited by). With the collaboration of WILSON, A.T.M. 
Communication or Conflict : Conferences—Their Nature, Dynamics and 


Planning. 8} in. x5} in. (2 x15 cm.). Pp. xi+228. (London :- 
Tavistock ee, 1960.) 30s. net.* 
COPEMAN, W. S. Doctors and Disease in Tudor Times. 8} in. y-. 
n. (22 cm. x 15 Pp. xiv+186+13 plates. (London : Dawsan’s 
Pall Mall, 1960.) 4 = 


of Science. Second edition. 9 in. x 
(Castel, Guernsey : Fount Books, 


John Wilkins—Robert 
jooke—!saac Newton. 


6 in. x 15-5 cm.). Pp. v+99. 

CROWTHER, J.G. Founders of British Science : 
Boyle—John Ray—Christopher Wren—Robert H 
8} in. x 5} in. Ge cm.x 15 cm.). Pp. ix+296+10 plates. (London: The 
Cresset eo 960.) 35s. net.* 

FLOOD, E. Scientific Words : Their Structure and Meaning. (An 
Explanatory  aincone of about |, 150 Word-elements (roots, prefixes, 
suffixes) which enter into the formation of Scientific Terms. ) Bin. x5} in. 
(20 cm. x 13 cm.). Pp. xix+220. (London: Oldbourne Book Co., Ltd., 
1960.) 18s. net.* 

x 52 in. (22 cm. 


FRITZ, Eugene. Energies of the Universe. 8} in. 


1S cm.). Pp. iv+124. (New York: Philosophical Library, 1960.) 4.75 
dollars 

GUTTMACHER, Alan F., and MEARS, Eleanor. Babies by Choice or by 
Chance. 8 in.x5 in. (20 cm. x 12-5 cm.). Pp. 191. (London: Victor 


Gollancz, Ltd., 1960.) 12s. 6d. net.* 

HARTLEY, Sir Harold (edited by). The Royal Society : Its Origins and 
Founders. 10 in. x62 in. (25:5 cm.x 17 cm.). Pp. ix+275+29 plates. 
(London : The Royal Society, 1960.) 35s. ; 6 dollars.* 

ROBSON, William A. Nationalized Industry and Public Ownership. 
94 in. x 6} in. (24 cm. x 16 cm. -)- Pp. 544. (London: George Allen and 
Unwin, Ltd., 1960.) net.* 

SCHELLING, Thomas C. The Strategy of Conflict. 8 in. 5% in. 
(21-5 em. x 14m.). Pp. vii +309. Mass. : Harvard University 
Press ; London : Oxford University Press, . net.* 

THE WEALTH OF INDIA: a Dictionary of ‘dion ‘Raw Materials and 
Industrial Products. Industrial Products, Part 5: 1 in. x 8} in. 
(28 cm. x 21-5 cm.). Pp. xiii+289+11 plates. (New Delhi : 
Scientific and Industrial Research, +—~ ) n.p.* 

WALKER, Kenneth. Life’s Lon “ Journey. 8} in. x 5} in. (22 cm. x 14 
cm.). Pp. 191. (London : Victor Gollancz, Ltd., 1960.) 21s. net. 
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Heinemann Publications 


INTRODUCTION TO HUMAN 

BLOOD GROUPS 

Fulton Roberts, M.D. 9 6d net. 

2 BLOOD TRANSFUSION 

A Guile to the Punsticn of within 

_ 2nd Edition. G. Discombe, M.D. 

— INTEGRITY OF THE PERSONALITY 
Anthony Storr, M.D. 15s met. 

_ AN INTRODUCTION TO 

BIOCHEMISTRY 

4th Edition 


W. R. Fearon, Sc.D., M.D. 
Revised by W. J. E. Jessop, M.Sc., F.R.C.P.L, ones. 
net. 


= 
= 


_ LABORATORY HANDBOOK OF 
_ BLOOD TRANSFUSION TECHNIQUES 
A. D. Farr, F.LM.L.T., A.LS.T. Iustrated. 17s 6d net, 


THE COCKROACH 


Ewen Cameron, Ph.D. Mustrated. 15s net. 


CHROMATOGRAPHIC AND 
ELECTROPHORETIC TECHNIQUES 


Smith, Ph.D., F.R.1.C. 
Vol. 1. Chromatography. 65s net. 
Vol. Zone Electrophoresis. MMustrated. 30s net. 


William Heinemann Medical Books Ltd. 
15/16 Queen Street, Mayfair, London W.1. 


OUR CONTINUOUS SERVICE SCHEME 

brings you regular lists of New and Secondhand Books and 
Forthcoming Publications in your particular spheres of interest, 
as indicated by you, plus copies on approval of books you are 
likely to want. 

You can also save trouble and «*xpense by ordering all your 
periodical subscriptions in a block order through us. 

LUTON BOOK SERVICE 
(Specialists in books on Science, Tech y. © © and 
Management.) 


Dept. G.L, 16 GUILDFORD ST, LUTON, BEDFORDSHIRE. 


BRASS e COPPER e DURAL 

e ALUMINIUM e BRONZE e 

-ROD, BAR, SHEET, TUBE, STRIP, WIRE 
3,000 STANDARD STOCK SIZES 

No Quantity too small @ List on application 


H. & CO.. 
6, CHESHAM PLACE, NDON Oane 5463 
Also at: LIVERPOOL MANCHESTER, SIRMINGHAM 


CHEMICAL ASPECTS OF THE STRUCTURE OF 
SMALL PEPTIDES an introduction 


by DorotHy WrINCcH, 
£1-5-0 $3.50 Dan. kr. 24.00 
Obtainable from 
HEFFER & SON, CAMBRIDGE, 
BLACKWELL'S, OXFORD, 
STECHERT-HAFNER INC.. Yo 
IBRAIRIE DES SCIENCES TECHNIQUES 
RANGERES, PARIS 
UNKSGAARD, COPENHAGEN 
or any international bookseller 


A PROSPECTUS IS ON REQUEST 
TO ANY OF THE ABO 


WANTED TO PURCHASE 
Scientific books & periodicals 
Entire libraries, and smaller collections ; 
sets and runs, foreign and domestic. 


WALTER J. JOHNSON, INC. 

111 Fifth Avenue, New York, 3, N.Y., U.S.A. 
Cable Address : BOOKJOHNS, NEWYORK 

British Office: ACADEMIC BOOKS, LTD. 


17 Old Queen St., London, S.W.1 
WHiltehall 6631 


BACK ISSUES OF JOURNALS IN Brite / 
SCIENCE & THE HUMANITIES 


ALWAYS REQUIRED BY 
Wwe. DAWSON a SONS, LTD., 
Back Issues Deprt., 
16 West STReer, 
FARNHAM, Surrey, ENGLAND. 
Tet: FARNMAM 4664 CABLES: DAWBOOKS. FARNHAM 


SPICER’S ZIRCONITE 


MACHINABLE REFRACTORY 
e SOLVES A LOT OF PROBLEMS 
* SAVES A LOT OF TIME F.C 
Machinable Alumina now 
W. & C. Spicer Ltd., The Grange, Kingham, Oxon. 


TELEPHONE: KINGHAM 3067 


Plenty 

CARL _pplendi 

Flame Photometry jp 
Fitted with the unique flame C., € 


attachment shown above, the Zeiss 
Spectrophotometer P.M.Q. Il is especially 
suitable for the estimation of 

electrolytes in biological fluids. 


illustrated booklets of the range of photometer equipment from : 


qeobaralt 


ANO COMPANY LIMITED 
6 CAVENDISH SQUARE, LONDON, w.1. LANGHAM 6097/8/9 
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NATURE 


The 
MOST 
EFFICIENT 
METHOD 
of trapping air-borne spores 


over a wide range of sizes 


Continuous samples of airborne spores can be taken in the 
open in almost every type of weather with the Hirst Spore 


IN Prrite for Trap. Developed by Dr. J. M. Hirst of the Plant Pathology 
ES aflet 802/N , Department, Rothamsted, the instrument will catch spores 
over a wide range of sizes, and provide data on rapid 

Ll changes in the composition of air-spora. It is of particular 

interest to agricultural research workers for investigating plant 


diseases spread by airborne spores and to Allergists for tracing 
= spores and pollen in the atmosphere. 


the HIRST spore trap 


F. CASELLA & CO. LTD. (Dept N) YCASELLAN 
gent House, Fitzroy Square, London, W.1 by MLONDON 


el. EUSton 3944/5 6/7 


lembers of the Scientific Instrument Manufacturers’ Association of Great Britain and the British Scientific Instrument Research Association 


[= Flow EASICLEAN pumps . 


0-100 g.p.h. in either direction 

Stainless Steel and ‘Pasim’ construction: 
Flow quantity indicator 

Dismantled for cleaning in 30 seconds 
Ideal for both light and heavy liquids 


Positive displacement for 
accurate metering 


Plenty ‘‘Easiclene’’ pumps are used for 
blending and metering additive concentrates, 
pntibiotics, chocolate, fruit juices, 

byrethrum extract, syrups, toothpaste, 

tc., etc. 


A 2” bore portable 
“Easiclean’’ pump handling 
: dermatological creams at 


Genatosan Ltd. 


L 
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PERMUTIT 


| 
EXCHANGE 


If you separate, purify or concentrate aqueous liquors 
Permutit lon Exchange may give better results 


The control panel opposite is part of the large Permutit Fully Automatic lon 
Exchange plant that extracts Uranium from leach liquor at the Port Pirie, South 
Australia, uranium project. This plant is one of many supplied by Permutit to 
uranium producers all over the World for extracting uranium from low grade ore. 


lon Exchange has numerous applications in the chemical, metallurgical and 
allied industries. The recovery of silver from spent hypo, the improvement of 
non-vintage wines, the separation of rare earths, the purification of obnoxious 
coke-oven effluents: these are typical current uses. lon Exchange is in fact 
replacing older methods that are more expensive and less elegant, and is opening 
the way to processes that have hitherto been too expensive, too cumbersome, or 
even impossible. If you separate, purify or concentrate aqueous liquors, Permutit 
lon Exchange may give better results more efficiently, at lower cost. 

At their Chemical Production Division in South Wales, Permutit manu- 
factures a wide range of ““ZEO-KARB" cation and “DE-ACIDITE” anion exchange 
resins. For analytical and research purposes, these resins are supplied in 1-lb. 
quantities and upwards: send now for full details. 


PERMUTIT COMPANY LIMITED 


DEPT. V.H.I1, PERMUTIT HOUSE, GUNNERSBURY AVENUE, LONDON, W.4 
TELEPHONE : CHISWICK 6431 WORKS : EALING and SOUTH WALES CABLES : PERMUTIT, LONDON 


SUBSIDIARIES: 

THE PERMUTIT COMPANY OF AUSTRALIA PTY LIMITED, P.O. Box 21, Brookvale, New South Wales 
THE PERMUTIT COMPANY OF SOUTH AFRICA (PTY) LTD., P.O. Box 6937, Johannesburg 

1ON EXCHANGE (CANADA) LTD., 33 Price Street, Toronto 5, Ontario 

UNITED WATER SOFTENERS LTD., Gunnersbury Avenue, London, w.4 
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SERVING 
AIRCRAFT ELECTRONICS 
MISSILE MEDICAL 
NUCLEAR AUTOMOTIVE 
and other fields 


Standard and “‘ Custom planned ” Environment Test Chambers 
using Hermetically Sealed Compressors and Cascade Refrigeration 
Controlled Temperature from plus 100° C. to minus 100° C. 
Air cooled. 


OPTIONAL EQUIPMENT 


Multipane window in door Access ports through any wall 
Temperature indicator, 

consult ec 
Recording instrumentation 


(Remote) Air or liquid agitation 
RELIABLE AND ECONOMIC MAIL THIS COUPON TODAY! 
To: LEC Refrigeration Limited, BOGNOR REGIS, Sussex. 

S. 130 HF. 4 Please send full details of your Low Temperature Cabinets 
13 cu. fe and specialised Refrigerators. 
Refrigerator for 4 cu. ft. Freezer 

of if for ice making, NAME 

Anti-Coagulants 
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OPTICAL 


ESSENTIAL FOR RESEARCH 
AND EXPERIMENT 


Full Catalogue from 
R.& J. BECK Ltd. 


69/71, Mortimer Street,London Wi. 


SMALL AIR COMPRESSORS 
VACUUM & LIQUID PUMPS 


for Scientific Purposes 


THE 


MU. 19/26 
PUMPING RATE 
12 LITRES/MIN. 
OIL-FREE AIR 


COMPLETE RANGE 0 TO 40 LITRES/MIN. 
LIQUID PUMPS 0 TO 300 GLLS./HOUR 


COMPRESSORS AND PUMPS FOR SPECIAL PURPOSES 
DEVELOPED TO CUSTOMERS’ REQUIREMENTS 


For Further Information Apply to 


CHARLES AUSTEN PUMPS LTD. 


HIGH ROAD - BYFLEET - SURREY 
TEL.: Byfleet 43314 & 43224 


NIRO ATOMIZER LTD 


SPRAY DRYERS 
—backed by 25 years’ 


experience 


For production of animal, Sole Agents 

for the British Isles: 
products of all kinds. CORNWELL PRODUCTS LTD. 
350 industrial and 220 56-60 Hallam Street, 
laboratory N.A. Spray LONDON, W.1 


Dryers are in operation Tel. LAN 5025-6-7 


throughout the world 
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VACUUM TECHNIQUES 


There are many different methods of leak detection but none, 
we think, can compare with our Halogen Leak Detector. Precise 
location of leaks down to 10~* lusecs. 


" For full details write to 


LEYBOLD-ELLIOTT. LTD., 


MANOR WAY, BOREHAMWOOD, HERTS. 
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Four interchangeable detectors 

Column temperatures from 75°C tu +350°C 
Choice of 25 standard columns 

High efficiency Golay capillary columns 
Columns for preparative scale wor 

Precision gas and liquid sampling system- 
Easy collection of sample components 
Automatic integration of peak areas with 
Perkin-Elmer mode! 194 Printing Integrator 
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Compete separation of methyl] esters of C16-Cie fatty acids in 17 minutes 
Vapour 
Fractometer Separation is easily achieved with Perkin-Elmer’s Vapour 


Fractometer - the most versatile and reliable instrument for 
gas chromatography. Four different detectors - thermistor, 
hot-wire,-ionisation and flame ionisation types - and a mul- 
titude of columns including high efficiency Golay capillary 
columns are available to meet every need, from the separation 
of permanent gases to liquids boiling up to 400°C, from trace 
analysis to preparative scale work. We should be pleased to 
advise on any technique or application and to send you full 
details of this interesting instrument. 


Perkin-Elmer 


ANALYTICAL INSTRUMENTS 


Beaconsfield, Bucks, England - Telephone Beaconsfield 2020 
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GRIFFIN Oscillating Hotplate 
FISHER PATTERN 


For simultaneous heating and agitating in many analytical techniques 
Hotplate 18 x 134 in. will accommodate up to twenty-eight 
250 ml. or eighteen 400 ml. Griffin Beakers 
Continuously variable temperature control. Loading 2 kw 
216 circular oscillations per minute, 4 in. diameter 


Designed to save labour and time 


Metallurgical analysis - maintains intimate contact between sample chips and acid 
Agricultural analysis - for the rapid determination of potash in fertilisers 
Cement analysis faster dissolving of sample 
Petroleum analysis faster determination of saponification number 


Many other uses include the determination of alkaloids, acid values of fats and fatty oils and in pre- 
paration for creatinine determinations. S28-984. . £85 


GRIFFIN & GEORGE (SALES) LIMITED 


The Laboratory Furnishers 
Ealing Road, Alperton, Wembley, Middlesex 


GLASGOW 


LONDON - BIRMINGHAM - MANCHESTER - NEWCASTLE-UPON-TYNE 
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APPOINTMENTS VACANT 


UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
DEPARTMENT OF ENGINEERING 
Owing to the large expansion of the Depart- 


mental facilities for both teaching and research, 


a number of appointments will be made to the 
Staff both immediately and from October 1, 1961. 
Applications are invited from graduates in Engin- 
ecring, Physics, Metallurgy or Applied Mathe- 
matics for the following posts: 
CIVIL ENGINEERING 
Professor B. G. Neal 

Lecturer or Assistant Lecturer with interests in 
any branch of Civil Engineering. 

CIVIL OR MECHANICAL ENGINEERING 

Lecturer or Assistant Lecturer with special 
interests in Strength of Materials and related fields. 


MECHANICAL ENGINEERING 
Professor R. H. Macmillan 

Two Lecturers or Assistant Lecturers, one with 
particular interests in the fields of Heat Transfer 
and Thermodynamics, the other preferably having 
experience in the Design of Machines, but appli- 
cants with other interests will be considered. 

Research Demonstrator to undertake a limited 
amount of teaching and pursue supervised research 
preferably in Heat Transfer, Hydrodynamic power 
transmission, Fatigue or creep. 

ELECTRICAL ENGINEERING 
Professor W. Fishwick 

Lecturer or Assistant Lecturer with special in- 
terests in Control Engineering, Electrical Apparatus 
or related fields. 

Lecturer or Assistant Lecturer with interests in 
any branch of Electrical Engineering, including 
Theoretical Electro-technics. 

Qualifications for, and further details of, these 
posts are as follows: Lecturer. Applicants should 
hold a good honours degree and have not less 
than three years postgraduate experience in re- 
search or industrial design. Excellent facilities 
exist for research. Assistant Lecturer. Applicants 
should hold a good honours degree and have at 
least one year’s industrial or postgraduate experi- 
ence. Research is strongly encouraged and the 
assistant may register for a Ph.D. degree. Re- 
search Demonstrator. Applicants should have 
obtained a good honours degree and have had at 
least one year’s industrial or postgraduate experi- 
ence. The appointment will be tenable for three 
years, during which time the holder will be ex- 


pected to work for the Ph.D. degree, submitting 
a thesis at the end of the period. 
Salaries are on the following scales, to which 


are added F.S.S.U. benefits and family allowances. 
Lecturer, £1,050 by £50 to £1,400 by £75 to £1,850 
per annum; Assistant Lecturer, £800 by £50 to 
£950 per annum; Research Demonstrator, £700 
per annum. 

Further particulars can be obtained from the 
Registrar, University College, Singleton Park, 
Swansea, by whom applications (two copies), must 
be received not later than Saturday, January 21, 
1961. 


UNIVERSITY COLLEGE OF ° 
RHODESIA AND NYASALAND 


Applications are invited for Lectureships or 
Assistant Lectureships in: GEOLOGY, MATHE- 
MATICS, PHYSICS. Salary scales: Assistant 
Lecturer, £1,200 by £50 to £1,350 per annum ; 
Lecturer, Grade II, £1,350 by £50 to £1,600 per 
annum; Grade I, £1,600 by £50 to £1,900 per 
annum. Passages to Salisbury for appointee, 
wife, and dependent children on appointment, 
with allowance for transport of effects. Super- 
annuation and medical aid schemes. Unfurnished 
accommodation at rent of 15 per cent of salary. 
Assistance given for triennial visits overseas. 

Detailed applications (six copies), naming three 
referees, by January 30, 1961, to Secretary, Inter- 
University Council for Higher Education Over- 
seas, 29 Woburn Square, London, W.C.1, from 
whom further particulars may be obtained. 


PLANT MANAGER DESIGNATE 

A vacancy exists for an Assistant Plant Manager 
for an overseas processing unit. It would be in- 
tended that the successful applicant would work 
under the present Manager for a short period 
before succeeding him. The appointment calls for 
a qualified mechanical or chemical engineer with 
experience of the independent management of ex- 
traction or refining plant. A knowledge of solvent 


Processes would be an advantage but not essential. 
Applicants should be not more than 45, prefer- 
ably with overseas experience and = earn- 
ing at least £3,000 per annum at presen 
Write, Box DE/41, c/o 95 Eos E.C.2. 


| Lecturers : 


AUSTRALIA 
UNIVERSITY OF NEW SOUTH WALES 
VACANCIES FOR STAFF IN 
SCHOOL OF BIOLOGICAL SCIENCES 

The School of Biological Sciences of the Uni- 
versity of New South Wales is under the head- 
ship of the professor of Biochemistry (Professor 
B. J. Ralph) and consists of four departments. 
These are the Department of Biochemi&ry (Pro- 
fessor B. J. Ralph), Department of Microbiology 
(Professor to be appointed), Department of 
Botany (Dr. Mary Hindmarsh) and Department of 
Zoology (Dr. Elsie M. Stephenson). The under- 
graduate work of the School is concerned with 
the preparation of students, at pass and honours 
levels, in biochemistry, microbiology, botany, 
zoology and entomology in the Faculty of Science, 
and biochemistry, microbiology and entomology 
in the Applied Biology course. In 1962 and later 
years the relevant Departments will be respon- 
sible for medical biochemistry and medical micro- 
biology in the courses in medicine and medical 
science. Specialized subjects are also provided 
for courses in the Faculty of Applied Science. 
All departments of the School are active in re- 
search and prepare students for Masters’ degrees 
and for the Doctorate of Philosophy. 

Lecturers in the Departments of Botany and 
Zoology are expected to assist generally with ele- 
mentary teaching, but are otherwise encouraged 
to specialize within their own particular discipline. 
The Departments of Biochemistry and Microbio- 
logy are particularly concerned with the applica- 
tion of these sciences, and formal postgraduate 
courses in industrial biochemistry and microbio- 
logy are being developed. As the Schoo! handles 
a considerable number of part-time and full-time 
Students, some evening lecturing is inevitable, but 
this is limited in extent. Applicants with experi- 
ence and/or research interests in any of the 
divisions of botany or zoology, or in medical bio- 
chemistry or medical microbiology are particularly 
sought. 

The following vacancies exist: Senior Lecturers, 
All Departments. Teaching Fellows: 
Botany, zoology and biochemistry. Senior Tutors: 
Biochemistry, botany and microbiology. Tutor/ 
Demonstrators: Botany and zoology. 

Applicants should possess at least the following 

academic qualifications: Senior Lecturer, a higher 
degree or equivalent qualifications. Lecturer, a de- 
gree with honours or equivalent qualifications. For 
thes: positions postgraduate experience is desirable : 
Teaching Fellow: Applicants must possess a de- 
gree with honours. Teaching Fellows are required 
to register for a higher degree. Senior Tutor: a 
degree with teaching experience. Tutor: a degree. 
Tutors and Senior Tutors will have opportunity 
to study for a Master's degree on a part-time 
basis. 

Further details may be obtained from the Head 
of the School of Biological Sciences. 

Subject to satisfactory medical examination. 
Lecturers and Senior Lecturers will be eligible to 
join the superannuation scheme. Teaching fellows 
and tutors, and normally senior tutors are subject 


to annual re-appointment (limit for teaching 
fellows normally three years’ service). 

Salary ranges: Senior Lecturer, £A.2,579 to 
£A.3,029 per annum. Lecturer, £A.1.759 to 


£A.2,464 per annum. Senior Tutor, £A.1,759 to 
£A.2,074 per annum. Teaching Fellow and Tutor. 
£A.1,129 to £A.1,349 per annum. 

Passages to Sydney for appointees and their 
families. Commencing salary according to qualifi- 
cations and experience. 

Four copies of applications, including the names 
of two referees, should be lodged with the Agent- 
General for New South Wales, 56 Strand, London, 
W.C.2, England, and a copy forwarded to the 
Appointments Section, the University of New 
South Wales, Box 1, Post Office, Kensington, New 
South Wales, Australia, by airmail to arrive before 
February 10, 1961. Applicants resident outside 
the United Kingdom and Eire need only submit 
one copy of their application to the London 
address. 


UNIVERSITY OF MANCHESTER 
IMPERIAL CHEMICAL INDUSTRIES 
FELLOWSHIPS 
Applications are invited for the above Research 
Fellowships, founded by Imperial Chemical Indus- 
tries Ltd., tenable in the University and available 
for research in various branches of Chemistry, 
Chemical Engineering, Engineering, Technology, 
Physics and allied subjects. The value of the 
Fellowships will be within the range of £800 to 
£1,100 per annum according to qualifications and 

experience. 

Regulations governing the award of the Fellow- 
ships may be obtained from the Registrar, the 
University, Manchester 13, to whom applications 


should be sent not later than February 14, 1961. 


December 31, 1960 


SENIOR RESEARCH OFFICER 
ELECTROLYTIC ZINC COMPANY OF 
AUSTRALASIA LIMITED 

Applications are invited for a position as , 
jor Research Officer in the Company’s Research 
Department at Risdon, near Hobart, Tasmania 
Applicants should possess a university degree jp 
chemistry or chemical engineering ; they shoud 
have obtained honours or higher degrees, ang 
should have had some years” experience in re 
search. The Research Department is concerned 
with development projects and is responsible for 
the solution of problems which arise in conne. 
tion with the Company's various activities, which 
include the production of zinc, ammonium sy. 
phate, superphosphate, sulphuric acid, etc. The 
duties are essentially similar to those in the Re. 
search Department of any large chemical industry 
Applicants should preferably be in the age range 
28 to 35 years. The commencing salary offered 
for the position will depend on the qualification, 
and experience of the successful applicant, bu 
will be at the rate of not less than £A.2,100 per 
annum. In addition, a bonus based on the rate 
of dividends declared by the Company is paid 
half-yearly ; for 1959 the bonus was approximately 
15 per cent of salary. The appointee will hk 
eligible to participate in the Company’s Stuf 
Provident Fund and in the Medical, Hospital and 
Dental Schemes run by the Company. The Com- 
pany will pay fares for a successful applicant and 
his family (if any) to travel to Australia by sea 
An unfurnished house or flat can be made avail- 
able on a rental basis for a married applicant. 
Applications should include details of education 
and experience and must include details of sub- 
jects studied at the University and the standard 
of passes obtained. Applications should include 
the names of at least three referees and shouk 
be addressed to: The General Superintendent 
Electrolytic Zinc Company of Australasia Limited, 
G.P.O. Box 377-D, Hobart, Tasmania, Australia 


COMMONWEALTH 
MYCOLOGICAL INSTITUTE 


Applications are invited for the post of Abstrac- 
tor. Candidates should have sound knowledge o 
German and Dutch and ability to abstract in 
English from these languages. Scandinavian and 
or Spanish and Portuguese languages an added 
qualification. Knowledge of microbiology and /or 
botany an advantage. Salary according to qualifi- 
cations and experience in the range £640 to £1,325 
per annum. 

a. Apply in writing, the Director, Ferry Lane, 
cw. 


D.S.I.R. ROAD RESEARCH LABORATORY. 
Harmondsworth, Middlesex, requires Scientific 
Officers or Senior Scientific Officers for research 
(1) Physicists on rheology of solid-liquid systems 
and of viscous and visco-elastic fluids to provide 
basic information for design of bituminous and 
concrete road mixtures. (Ref. A.521/OA); 
Chemists on problems of surface chemistry and 
other physico-chemical aspects of behaviour o/ 
bituminous road materials also on problems 
arising from presence of organic matter in soil 
(Ref. F.857/OA); (3) Civil and Mechanical Eb- 
gineers on (a) mechanical mixing and laying of 
bituminous road surfacing materials, (b) problems 
of design and construction of earthworks for roads 
(practical experience of site work an advantage) 
(c) stabilised soil and cement-bound base materials 
(Ref. E.473/OA). Varied and interesting work 
both in laboratory and field, providing contacts 
with other scientists and engineers in U.K. and 
abroad. Facilities for qualifying for A.M.I.C.E 
for posts (3) above. Qualifications, first- or 
second-class honours degree or equivalent for 
Scientific Officers. For Senior Scientific Officers a 
least three years’ postgraduate experience. Salary 
(men) Scientific Officer, £730 to £1,205. Senior 
Scientific Officer, £1,330 to £1,640. Prospects o! 
promotion in mid-thirties to Principal Scientific 
Officer, £1,700 to £2,375.—Forms from Ministry 
of Labour, Technical and Scientific Register (K) 
26 King Street, London, S.W.1 (quote a 
reference). Closing date January 31, 1961. 


ROYAL VETERINARY COLLEGE (UNI- 
versity of London). Research Assistant required 
in the Department of Animal Husbandry and 
Veterinary Hygiene for studies in poultry hus 
bandry. The appointment will be for two years 
in the first instance under a grant from the Agri 
cultural Research Council. Candidates mus 
possess a suitable veterinary qualification or # 
degree in agriculture or natural science. Salary 
according to age, qualifications and expericnce 
Superannuation under F.S.S.U.—Application forms 
and further particulars, obtainable from the 
tary, Royal Veterinary College, Royal Collese 
Street, London, N.W.1, should be returned not 


later than January 14, 1961. 
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AUSTRALIA 
UNIVERSITY OF NEW SOUTH WALES 
PROFESSOR OF GEOLOGY 

The University invites applications for appoint- 
ment to the position of Professor of Geology in 
the School of Mining Engineering and Applied 
Geology. Salary will be £A.4,279 per annum. 
The School is a composite one and includes de- 
partments of Mining Engineering, Geology and 
Geophysics, Fuel Technology and Mineral Bene- 
fciation. The Department of Geology conducts 
courses leading to the degree of Bachelor of 
Science in Applied Geology and also in pure 
Geology. The main emphasis in the School is on 
applied geological research and it is essential that 
applicants should have high academic qualifica- 
tions in geology with substantial interest, experi- 
ence and research record in some a ects of 
applied geology. The Head of the Schow: is Pro- 
fessor D. W. Phillips who is also the Pro-Vice 
Chancellor. The Professor appointed will be ex- 
pected to assist him with the administration of 
the Schoo! so that some familiarity with the disci- 
plines of the other departments in the School 
would be desirable. Applicants interested in this 
position may obtain further details relating to 
the staff and activities of the School from the 
Dean of the Faculty of Technology, Professor 
Myers. Subject to the consent of the Council of 
the University, Professors may engage in a limited 
amount of higher consultative work. The success- 
ful applicant will be eligible, subject to satisfac- 
tory medical examination, to join the superannua- 
tion scheme which provides a maximum pension 
of £A.2,184 per annum. First-class ship fares to 
Sydney of appointee and his family will be paid. 
Professors are eligible for six months’ study leave 
on full salary after three years of service, or twelve 
months after six years of service. The University 
reserves the right to fill the Chair by invitation. 
With the approval of the University and its 
bankers, married men may be assisted by loans to 
purchase a home. 

Four copies of application (including the names 
of three referees and a recent photograph of the 
applicant) should be lodged with the Agent- 
General for New South Wales, 56-57 Strand, 
London, W.C.2, England, and a copy forwarded 
to the Appointments Section, the University of 
New South Wales, P.O. x 1, Kensington, 
N.S.W., Australia, to reach there before February 
3, 1961. Applicants outside the United Kingdom 
need only submit one copy of their application 
wo the London address. 


GOVERNMENT OF THE 


FEDERATION OF RHODESIA 


AND NYASALAND 
VACANCY: ENTOMOLOGIST 
DEPARTMENT OF TSETSE AND 
TRYPANOSOMIASIS CONTROL AND 


RECLAMATION 
MINISTRY OF AGRICULTURE 
Applications are invited for the post of 


Entomologist in the Tsetse and Trypanosomiasis 
Control and Reclamation Branch of the Ministry 
of Agriculture, based in the tsetse areas of 
Southern Rhodesia. Duties will be mainly on 
field investigations, preparatory to tsetse control 
projects, and in their direction. Applicants must 
have a university degree, preferably honours in 
a biological subject,’ zoology, entomology (need 
not have specialized, but previous relevant experi- 
ence is an advantage), botany. Commencing 
salary will be between £735 per annum and £1,365 
per annum, depending on qualifications and rele- 
vant post-qualification experience, ia a scale rising 
to £1,732 10s. per annum. A field allowance of 
£7 10s. per mensem is payable at present for 
Officers living under field conditions. Passages are 
provided for recruits and their families to the 
Federation, and conditions include security, good 
pensions, generous sick leave, vacation and occa- 
sional leave, medical aid, grants towards holiday 
travel, low income tax. 

Application forms and further details from 
1 ed (R), Rhodesia House, 429 Strand, 
W.C.2. Closing date January 7, 1961. 


UNIVERSITY OF MANCHESTER 
TURNER AND NEWALL RESEARCH 
FELLOWSHIPS 
Applications are invited for the above Research 
Fellowships, founded by Messrs. Turner and 
Newall Ltd., tenable in the University and avail- 
able for research in engineering, inorganic chem- 
istry, physics and allied subjects. The value of 
the Fellowships will be within the range of £800 
to £1,100 per annum according to qualifications 

and experience. 

Regulations governing the award of the Fellow- 
ships may be obtained from the Registrar, the 
University, Manchester 13, to whom applications 
should be sent not later than February 1 1. 


WELSH COLLEGE OF ADVANCED 


TECHNOLOGY 
CATHAYS PARK, CARDIFF 

DEPARTMENT OF APPLIED PHYSICS 

Applications are invited for the posts of (a) 
Lecturer or Assistant Lecturer (Grade B) in Elec- 
tronics. (b) Assistant Lecturer (Grade B) in 
Physics. Applicants should have a good honours 
degree in physics or electrical engineering, and be 
able to teach, (a) Electronics and/or Telecom- 
munications, (b) Physics and/or Applied Physics, 
to students taking Dip.Tech. Courses, and have 
had industrial and/or research experience. Teach- 
ing experience at University or Technical College 
level would be an advanage. Successful candidates 
would be expected to pursue some research and 
every assistance and encouragement will be given 
to this end. The Department’s research activities are 
largely confined to Solid State Physics and appli- 
cation from those particularly interested in some 
aspect of Solid State Physics or Applied Physics 


would be particularly welcome. Salary (a) Lec- 
turer, £1,370 by £35 to £1,550 per annum 
(b) Assistant Lecturer (Grade B), with good 


honours degree, £865 by £27 10s. to £1,315 per 
annum starting salary according to qualifications. 

Further particulars and application forms can 
be obtained from the Registrar at the College, 
to whom they should be returned by January 14, 


1961. 
ROBERT E. PRESSWOOD, 
Clerk to the Governing Body. 
City Hall, 
Cardiff. 


AUSTRALIA 
UNIVERSITY OF NEW SOUTH WALES 
SENIOR LECTURER IN PHYSIOLOGY 

FACULTY OF MEDICINE 

The University ir ites applications for appoint- 
ment to the positior. of Lecturer in the School of 
Physiology within the Faculty of Medicine. 
Salary: £A.2,579 range £A.3,029 per annum. 
Commencing salary according to qualifications and 
experience. Applicants must have research and 
teaching experience in the fields of cardiovascular 
physiology and respiratory physiology. The suc- 
cessful applicant will participate in the new tcach- 
ing programme of the School and establishment 
of the cardiopulmonary research laboratory. The 
appointee will be expected to enter on duty in 
this position about June, 1961. First-class ship 
fares to Sydney of the appointee and his family 
will be paid. Appointee will be eligible, subject 
to satisfactory medical report, to contribute to the 
State Superannuation Fund. 

Four copies of applications (including the names 
of two referees) should be lodged with the Agent- 
General for New South Wales, 56 Strand, 
London, W.C.2, and a copy, forwarded by airmail 
in an ‘envelope marked “ University Appoint- 
ment” to the Bursar, the University of New 
South Wales, Box 1, Post Office, Kensington, 
New South Wales, Australia, before January 31, 
1961. Applicants resident outside the United 
Kingdom and Eire need only submit one copy of 
their application to the London address. 


AGRICULTURAL RESEARCH 
COUNCIL 

Assistant Experimental Officer required, to be 
responsible for preparative work in a research 
programme concerned with biochemical and de- 
velopmental genetics. General experience of bio- 
logical laboratory methods and a special experi- 
ence of biochemistry, genetics embryology or 
histology, an advantage. Salary within scale £490 
to £945 according to age. Candidates should have 
a School Leaving Certificate with passes in three 
subjects at higher level, including two science 
subjects ; a Higher National Certificate, or equiva- 
lent. Superannuation. 

Apply, with names of three referees to, the Sec- 
retary, Poultry Research Centre, King’s Buildings, 
West Mains Road, Edinburgh, 9, within two 
weeks. 


ESSEX COLLEGE 
ASSUMPTION UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 
Department of Physics offers Graduate 

hips to candidates wishing to proceed 
to an M.Sc. in physics. Stipend up to $2,000 
for eight months, depending on qualifications and 
duties in the department. There is a possibility 
of additional income during the summer months. 
At present research is proceeding in beta-ray 
spectroscopy, optical pumping, molecular colli- 
sion problems, and electromagnetic interactions 
in shock waves. 
Inquiries should be addressed to the Chairman, 
Department of Physics, Assumption University 
of Windsor. 


AUSTRALIA 

UNIVERSITY OF NEW SOUTH WALES 

LECTURER IN FOOD TECHNOLOGY 

The University invites applications for appoint- 
ment to the position of Lecturer in the Depart- 
ment of Food Technology. Salary: £A.1,759 
tange £A.2,464 per annum. Commencing salary 
according to qualifications and experience. Appli- 
cants should possess a degree with honours in 
biochemistry or microbiology, or equivalent quali- 
fications, and some previous experience in the 
food industry is desirable but not essential. The 
successful applicant will lecture to undergraduate 
and postgraduate students in food technology and 
undertake research in some aspects of biochemistry 
or microbiology, as applied to food science or 
food technology. First-class ship fares to Sydney 
of appointee and his family will be paid. Success- 
ful applicant will be eligible to contribute to the 
State Superannuation Fund. 

Four copies of applications, including the names 
of two referees, should be lodged with the Agent- 
General for New South Wales, 56 Strand, 
London, W.C.2, and a copy forwarded by airmail 
in an envelope marked ‘“* University Appoint- 
ment’ to the Appointments Section, the Univer- 
sity of New South Wales, Box 1, Post Office, Ken- 
sington, New South Wales, Australia, before 
January 27, 1961. Candidates outside the United 
Kingdom and Ireland need only submit one copy 
of their applications to the London address. 


AUSTRALIA 
UNIVERSITY OF NEW SOUTH WALES 
FACULTY OF ENGINEERING 
TEACHING FELLOWS 

Vacancies for teaching fellows exist in the 
Schools of Mechanical, Electrical and Civil Exugin- 
eering. Applicants must possess a degree with 
honours, and will be expected to enrol for a 
higher degree and undertake a limited amount of 
teaching duties. Engagement is on an annual basis 
to a maximum of three years. Salary: £A.1,129 
range £A.1,349 per annum. Commencing salary 
for all positions will be according to qualifications 
and experience. 

Further details regarding these positions may be 
obtained from the Head of the appropriate school. 
Ship fares to Sydney of appointees and their 
families will be paid. Four copies of applications 
(including the names of two referees), shoud be 
lodged with the Agent-General for New South 
Wales, 56-57 Strand, London, W.C.2, and 
a copy forwarded by airmail io the Appoint- 
ments Section, the University of New South 
Wales, Box 1, Post Office, Kensington, New South 
Wales, Australia, before January 27, 1961. 


UNIVERSITY OF ST. ANDREWS 


Applications are invited for a Senior Lectureship 
or a Lectureship in Electrical Engineering in the 
Department of Electrical Engineering, Queen's 
College, Dundee, to commence not later than 
October 1, 1961. It is intended to appoint the 
most suitable candidate irrespective of his par- 
ticular interest. Salary scales: Senior Lectureship, 
£1,925 by £75 to £2,425; Lectureship, £1,050 by 
£50 to £1,400 by £75 to £1,850 (efficiency bar 
£1,400). F.S.S.U.; family allowance, grant to- 
wards furniture removal expenses. 

Applications (six copies), containing the names 
of three referees, to the undernoted, from whom 
further particulars may be obtained, not later than 


January 21, 1961. 
PATRICK CUMMING, 
Joint Clerk to the University Court. 
Queen’s College, 
Dundee. 


UNIVERSITY COLLEGE OF THE 
WEST INDIES 

Applications are invited for (a) Senior Lecture- 
ship and (b) Lectureship in Geology. The Senior 
Lecturer will be for the time being, the Head of 
the Department of Geology which is about to be 
established and which will prepare students for 
degrees of University of London as from October, 
1961. Salary scales (under review) (a) £1,500 by 
£75 to £2,250 per annum. (b) £1,150 by £50 to 
£1,450 by £75 to £1,900 per annum. Point of 
entry determined by qualifications and experience. 
Child allowance. F.S.S.U. Unfurnished accom- 
modation at rental not in excess of 10 per cent of 
basic salary. Up to five full passages on appoint- 
ment, termination and study leave (once every 
three years). Duties to be assumed by April 1. 
1961, or as soon as possible thereafter. The Head 
of Department will be eligible for entertaiament 
allowance at the rate of £200 per annum. 

Detailed applications (six copies), naming three 
referees, by January 27, 1961, to Secretary, Inter- 


University Council for Higher Education Overseas, 
from whom 


29 Woburn Square, London, W.C.1, 
further particulars may be obtained 
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tion's Division of 


AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION 


RESEARCH PHYSICIST 


Laboratory, Sydney, 


reflection. 


metrology. 
SALARY: Dependent on qualifications 


Promoton within 


C.S.LR.O. 
limit of wie scale within i 


Fares 
Africa House, Kingsway, Loadoa, W.C.2, 
February 11, 1961. 


The Organiza y, Nati 
N.S.W., invites applications for the position of Research Physicist in the Interferometry 
Section from honours graduates, majoring in physics with some years’ postgraduate 
research experience, preferably to Ph.D. level 


The Section, which has a well-equipped vacuum coating laboratory as well as equip- 
ment for studying surfaces and thin films by multiple-bean interferometry, is engaged 
on research and development in interferometry, particularly the measurement of length 
and associated quantities such as flatness, surface structure and optical phase change at 
The appointee is required for research in interference spectroscopy and light 


source development involving the production study and use of various spectral 
tions from isotopic light sources as primary and secondary wavelength standards in 


and experience within the ranges: £A.1,510 
to £A.2,265 per annum or £A.2,395 to £A.2,720 per annum. 


is by merit and may ultimately go beyond the upper 
which the original appointment is made. 


Further information on conditions etc., supplied on application to: 
Mr. E J. Drake, Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 


to whom applications (quoting Appointment No. 750/222) st 2uld be addressed by 


UNIVERSITY OF EDINBURGH 

Applications are invited for I.C.J. Research 
Fellowships in Biochemistry, Chemistry, Engineer- 
ing, Pharmacology, Physics or Chemical Techno- 
logy (Chemical Engineering), normally tenable for 
a period of three years. Some appointments will 
date from October 1, 1961 (or cartier in the case 
of selected candidates who may be available before 
that date). The initial salary will depend upon 
qualifications and experience, but will normally 
be within the range £800 to £1,100 per annum, to- 
gether with F.S.S.U. benefits and family allow- 
ance. In the case of an overseas applicant, the 
University is also prepared to consider the pro- 
vision of an allowance towards defraying the cost 
of travel to and from Great Britain. Forms of 
application and further particulars may be ob- 
tained from the undersigned. 

Applications be submitted 
not later than February . 

CHARLES H. STEWART, 
Secretary to the University. 


UNIVERSITY OF MELBOURNE 
SENIOR LECTURESHIP IN CLINICAL 
BIOCHEMISTRY i 

Applications are invited for the above-mentioned 
position. ‘The Senior Lecturer’s duties will be 
chiefly with medical students and it is essential 
that he should be familiar with modern methods in 
clinical biochemistry. It is also desirable that he 
should hold a medical qualification. The salary 
range is £A.2,480 per annum to £A.2,950 per 
annum or, if medically qualified, £A.2,600 per 
annum to £A.3.250 per annum. Commencing 
salary will be fixed according to qualifications. 

nnuation similar to F.S.S.U. in Great 
Britain will be provided. 

f the Secretary, Association of Universities 
the British Commonwealth, 36 Gordon Square. 
London, W.C.1. Applications close in Australia 
end London on February 4, 1961. 


UNIVERSITY OF OXFORD 

DEPARTMENT OF BIOCHEMISTRY 
It is proposed to appoint a Departmental 
Demonstrator in Biochemistry as soon as possible. 
The salary will be up to £1,000 per annum (or up 
to £1,150 in the case of medically qualified can- 
didates). The person appointed will be required 
to become a member of the Federated Superannua- 
tion System for Universities not later than two 
years after the date of his appointment, and an 
allowance of £50 per annum for cach dependent 


giving the names of two referees, should be sent 


the Administrator. 
South Parks Road, Oxford, not later than March 


4, 1961. 


FEDERAL GOVERNMENT OF NIGERIA 


SCIENTIFIC OFFICER 
(MINERAL DRESSER) 


The Geological Survey Division of the 
Federal Ministry of Mines and Power have 
‘acancies for Scientific Officers (Mineral 
Dressers) to undertake research on mineral 
dressing, particularly in connection with 
the recovery of minerals from alluvial con- 
centrates in the Plateau tinfields. 


Candidates should hold a good honours 
degree in mineral dressing or mining engin- 
eering, preferably with some experience in 
industry. Candidates should preferably not 
be over 35 years of age. 


Contract appointment for one tour of 
15 to 18 months in the first instance with 
Prospect of extension. Salary according to 
qualification and experience £1,434 to £2,196 
per annum (including inducement addition) 
plus gratuity of £100 to £150 on satisfac- 
tory completion of service. Outfit allowance 


Liberal home leave on full pay. 
and income tax at low local rates. 
Children’s allowances while separated. 


Write for application forms and further 
particulars, stating briefly age, qualifications 
and experience, to the Appointments Secre- 
tary, Federal Public Service Commission, 
Nigeria House, 9 Northumberland Avenuc. 
London, W.C.2, quoting J.2/8. 


IMPERIAL CANCER RESEARCH 
ND 


(DIVISION OF BIOCHEMISTRY) 
Technical Officer (age 22 or over). Applicants 
should possess at least Higher National Certifi- 
cate in Chemistry or equivalent qualifications, and 
have had experience in synthetic organic chemistry 
and/or micro-analysis and/or spectroscopy. 
Salary: £920 by £35 by £40 to £1,260 plus £20 
London weighting. Junior Technical Officer (age 
18 or over). Applicants should have G.C.E. A- 
level passes in chemistry and physics or equivalent. 
Training will be given in methods of micro-analysis 
and spectroscopy. Salary: £410 by £35 by £40 to 
£860 plus £10 London weighting. 

Applications should be addressed to: Scientific 
Administrator, Imperial Cancer Research Fund, 


Lincoln’s Inn Fields, London, W.C.2. 


UNIVERSITY OF LIVERPOOL 

Applications are invited for Imperial Chemic) 
Industries Research Fellowships in Physics, Chem. 

» Biochemistry, Engineering, Metallurgy ang 
Pharmacology or any related subjects. Appoin. 
ments will date from October 1, 1961. The salary 
will depend upon qualifications and experience 
but will normally be within the range £700 4 
£1,000 per annum, together with F.S.S.U. benef; 
and family allowances. 

Applications, three copies, stating age, detajjs 
of qualifications and experience, publications, ang 
research work in progress and completed, togethe; 
with the names of two referees, should be received 
not later than February 11, 1961, by the Registrar 
from whom further particulars may be obtained 
jidates who find it more convenien 
to do so may send one copy on! ai 
Ref. CV/N. 


FEDERAL GOVERNMENT OF NIGERIA 


SCIENTIFIC OFFICER 
(GEOPHYSICIST) 


The Geological Survey Division of the 
Federal Ministry of Mines and Power have 
vacancies for Scientific Officers (Geophysi- 
cist) to conduct geophysical surveys using 
ac. and d.c. resistivity apparatus, d.c. 
potential equipment, vertical forces magnetic 
variometer, shallow seismic gear, and equip- 
ment for logging resistivities and temperature 
gradients in boreholes. 


Candidates must hold a good honours de- 
gree in geophysics, physics or engineering. 
Alternatively a good honours degree in 
gcology, with physics or applied mathematics 
as subsidiary subjects. Experience in applied 
geophysics and some knowledge of electrical 
circuitry and an _ ability to maintain 
apparatus will be added advantages. Can- 
didates should preferably not be over 35 
years of age. 


Contract: appointment for one tour of 15 
to 18 months in the instance with pros- 
pect of extension. Salary according to quali- 
fications and experience £1,434 to £2,196 per 
annum (including inducement addition) plus 
gratuity of £100 to £150 on satisfactory com- 
pletion of service. Outfit allowance of £60 
payable for salaries not exceeding £1,740. 
Free passages for officer and wife. Liberal 
home leave on full pay. Quarters and in- 
come tax at low local rates. Children’s 
allowances while separated. 


Write for application forms and fur ner 
Particulars, stating briefly age, qualifications 
and experience, to the Appointments Secre- 
tary, Federal Public Service Commission, 
Nigeria House, 9 Northumberland Avenue, 
London, W.C.2, quoting J.3/8. 


WEST AFRICAN COCOA 


RESEARCH INSTITUTE 
GHANA 
SENIOR BOTANIST 

To take charge of the Botany Division com- 
Drising plant breeding and plant physiology 
sections. Candidates must have a first- or second- 
class honours degree in botany or equivalent quali- 
fication, with at least 15 years’ research experi- 
ence and a good record of published 
Proven ability to plan and supervise research pro- 
grammes and experience with tree crops, prefer- 
ably in the tropics, is also desirable. Appoint- 
ment on contract/gratuity terms for two tours each 
vf 15 to 18 months in the first instance. Salary 
in scale £2,460 to £2,940. Gratuity £12 10s. for 
each month of satisfactory service. Quarters with 
heavy furniture provided at moderate rental. Free 
return passages once in each tour for officer, wife 
and up to three children under 18 years of age. 
Generous leave. Education allowances. 

Apply, stating name in full and giving brief par- 
ticulars of qualifications and experience, to Direc- 
tor of Recruitment, Colonial Office, S.W.1. 
quoting BCD.197/200/028/C1. 


TUNIOR TECHNICIAN FOR BIOCHEMICAL 
work required at once at Twyford Laboratories 
Ltd., Twyford Abbey Road, London, N.W.10. 
Training ziven in general laboratory and workshop 
practice, leading to assisting in research projects. 
Best of conditions and prospects. C.E. ad- 
vanced level in two science subjects or equivalent 


required.—Apply to Secretary at above address. 
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UNIVERSITY COLLEGE OF THE 
WEST INDIES 


Applications are invited for (a) Senior Lecture- 
ship or (6) Lectureship in Mathematics in the 
Faculty of Engineering, Trinidad. Interest in 
the application of mathematics to engineering 
essential. Salary scales (under review) (a) £1,500 
by £75 to £2,250 per annum, (b) £1,150 by £50 
wo £1,450 by £75 to £1,900 per annum. Entry 
point determined by qualifications and experience. 
Child allowance. F.S.S.U. Unfurnished accom- 
modation at rental not in excess of 10 per cent 
of basic salary. Up to five full passages on 
appointment, termination and study leave (once 
every three years). Duties to be assumed by 
june 1961. 

Detailed applications (six copies), naming three 
referees, by January 25, 1961, to Secretary, Inter- 
University Council for Higher Education Over- 
seas, 29 Woburn Square, London, W.C.1, from 
whom further particulars may be obtained. 


SCUNTHORPE HOSPITAL 


MANAGEMENT COMMITTEE 
LINCOLNSHIRE RADIOTHERAPY CENTRE 
PHYSICS LABORATORY 
Applications invited for post of Health Physics 
Technician to carry out radiation and contamina- 
tion measurements involved in use of X-rays, 
radium and isotopes by the staffs of the Lincoln- 
shire Hospitals. The Radiotherapy Centre now 
at Scunthorpe will be transferred to St. George’s 
Hospital, Lincoln during 1961. Educational re- 
quirements O.N.C. in Applied Physics, Mechanical 
or Electrical Engineering, Inter.B.Sc., City and 
Guilds Intermediate of equivalent qualification or 
completion of engineering or appropriate appren- 
ticeship. Minimum age 21. Salary scale £570 

by £20 (2) by £25 (4) to £710. 
Form of application from Hospital Secretary, 
War Memorial Hospital, Scunthorpe. 


UNIVERSITY OF QUEENSLAND 
SENIOR LECTURER OR LECTURER IN 
PHYSICAL CHEMISTRY 
Applications are invited for appointment to the 
above-mentioned position dependent upon qualifi- 
cations. Applicants should have a higher degree 
preferably a doctorate with special qualifications 
in some branch of physical chemistry. In the case 
of the senior ip university and research 
experience is essential. The appointee’s duties 
will include lecturing to undergraduate and 
honours students and he will be expected to en- 
gage in research and direct the research of a 
limited number of students. Salary range £A.2,520 
by £A.70 to £A.2,870 per annum for Senior 
Lecturer and £A.1,830 by £A.70 to £A.2,330 per 
annum for Lecturer. The successful applicant will 
enjoy the privileges of superannuation, y 
leave, travel grants and other benefits available 

to the academic staff. 

Further particulars may be obtained from the 
Secretary, Association of Universities of the 
British Commonwealth, 5 Gordon Square, 
London, W.C.1. Applications close, in Australia 
and London, on February 15, 1961. 


UNIVERSITY OF QUEENSLAND 
LECTURER IN PROTOZOOLOGY 

Applications are invited for the above-mentioned 
post within the Department of Parasitology. Ap- 
plicants should have a Ph.D. or a degree in veter- 
inary science with postgraduate experience in 
protozoology. Duties will be primarily teaching 
and research on the parasitic protozoa within the 
Faculties of Science and Veterinary Science, but it 
is desirable that applicants should also have know- 
ledge and experience of parasitic arthropods par- 
ticularly those of veterinary importance. Salary 
range £A.1,830 by £A.70 to £A.2,330. The suc- 
cessful applicant will enjoy the privileges of super- 
annuation, study leave, travel grants and other 
benefits available to the academic staff. 

Further particulars may be obtained from the 


Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, 
London, W.C.1. Applications close, in Australia 


and London, on February 28, 1961. 


ELECTRONICS MECIIANIC WITH LIGHT 
fitting and turning experience required to build 
and maintain electronic and instrumentation de- 
vices for agricultural engineering research and 
assist experimental work. Time served or ex- 
Service tradesman would suit. City and Guilds 
Certificates or National Certificate desirable. 
Superannuated staff post. Grade Senior Assistant 
(Scientific). Minimum age . Salary £755 to 
£1,010.—Further particulars from Secretary, 
N.L.A.E., Scottish Station, Howden, Mid Calder, 
Midlothian. 


| 


UNIVERSITY OF QUEENSLAND 
SENIOR LECTURER IN GEOLOGY 
(GEOCHEMIST) 


Applications are invited for the above-mentioned 
post, which is a responsible teaching position with 
excellent opportunity for geochemical and petro- 
logical research in a large university. Applicants 
should have a science degree and research ex- 
perience to Ph.D. or comparable level; present 
dominant interest should be in geochemistry 
(theoretical and economic). Some experience in 
rock and mineral analysis and ability to do funda- 
mental research is expected. An interest in iso- 
tope geology and at least some experience in mass 
spectrometry is desirable. Some interest in X-ray 
spectrography or other special techniques could be 
an advantage. Salary £A.2,520 by £A.70 to 
£A.2,870 per annum. The successful applicant 
will enjoy the privileges of superannuation, study 
leave, travel grants and other benefits available to 
the academic staff. 

Further particulars may be obtained from the 


Secretary, Association of Universities of the 
British Commonwealth, Gordon Square. 
London, W.C.1. Applications close, in Australia 


and London, on March 31, 1961. 


UNIVERSITY OF LEEDS 
ELECTRONIC COMPUTING LABORATORY 

Applications are invited for appointment as 
Lecturer in the Electronic Computing Laboratory 
at a salary on the scale £1,050 by £50 to £1,400 
by £75 to £1,850 (efficiency bar at £1,550) a year 
according to age, qualifications and experience. 
Previous experience in the application of com- 
puters in statistics and/or. operational research 
desirable but not essential. 

Applications (three copies), stating date of birth, 
qualifications and experience, together with the 
names of three referees, should reach the Regis- 
trar, the University, Leeds, 2 (from whom further 
particulars may be obtained) not later than Janu- 
ary 20, 1961. Applicants from overseas may apply 
in the first instance by cable naming three referees, 
preferably in the British Isles. 


UNIVERSITY OF MANCHESTER 

Applications are invited for the following posts 
in the Department of Physics of the Faculty of 
Science: Lecturer in Physics (Experimental) ; Lec- 
turer in Theoretical Physics ; Assistant Lecturers 
in Physics. The research interests of the Depart- 
ment include Nuclear and High-Energy Physics. 
Optics, Low Temperature and Molecular Physics. 
Duties to commence as soon as possible. Salary 
scales: Lecturer, £1,050 to £1,850 per annum, 
initial salary according to qualifications and ex- 
perience ; Assistant Lecturer, £800 to £950 per 
annum. Membership of F.S.S.U. and Children’s 
Allowance Scheme. E 

Applications must be sent not later than January 
14, 1961, to the Registrar, the University, Man- 
chester 13, from whom further particulars and 
forms of application may be obtained. Applica- 
tions by airmail letter in the first instance will be 
received from overseas candidates, who should 
state the names and addresses of at least three 
persons to whom reference can be made. 


THE BOREAL INSTITUTE OF THE UNI 
versity of Alberta invites applications for the 
position of Executive Director. The Executive 
Director will be a full-time appointee who wil! 
aid the Directorate in planning the activities of 
the Institute, implement the decisions of the 
Directorate, administer the daily operations of! 
the Institute, solicit funds for the advancemen 
of the Institute, and publicize the activities anc 
accomplishments of the Institute. Applicant: 
must have an interest in the » administra- 
tive ability, ability to deal with the public, and 
fluency in written and spoken English. Appli- 
cants should be willing and able to travel in the 
North and should have some experience in the 
North. Applications must include a complete 
résumé of experience, educational background. 
references, other pertinent data, and a receni 
photograph. The appointment will be effective 
April 1, 1961. Salary is dependent upon qualifi- 
cations, but will be in the range $8,000 to 
$12,000 a year.—Applications should be sub- 


WOOL INDUSTRIES RESEARCH 


ASSOCIATION 
A_ vacancy occurs for a Mathematician with 
special interest in applied mathematics or theoreti- 
cal physics, lively mind, and interest in investigat- 
ing wide variety of problems (mechanical, physi- 
cal, numerical, etc., in nature) arising in textile 
research. Ph.D. or previous research experience 
desirable. Starting salary up to £1,590 per annum 
(with F.S.S.U. benefits), according to qua’ 
pply to the Association, Torridon, ingley 
Lane, Leeds, 6. 


UNIVERSITY OF CANTERBURY 
CHRISTCHURCH, NEW ZEALAND 

_ LECTURER IN CHEMISTRY 
Applications are invited for the above-mentioned 
post in the Department of Chemistry. Applicants 
should have special qualifications or experience in 
salary 


Inorganic or Physical Chemistry. The 
attached to the position will be at the rate of 
£1,250 per annum, rising by annual increments of 
£75, to £1,700 per annum. Commencing salary 
will be in accordance with qualifications and ex- 
perience. Approved fares to Christchurch will be 
allowed for the appointee, his wife and children. 
In addition actual removal expenses will be 
allowed within certain limits. 

Further particulars and information as to the 
method of application may be obtained from the 
Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, 
London, W.C.1. Applications close in New 
Zealand and London on February 17, 1961. 


QUEEN’S UNIVERSITY OF 
BELFAST 
nate of the Queen’s University of Belfast 
invites applications for a Senior Lectureship in 
charge of Department of Engineer- 
ing Mathematics from October 1, 1961. The 
Department is responsible for teaching mathe- 
matics to engineering students throughout the Uni- 
versity and candidates should preferably have a 
research interest in the application of mathematics 
to some engineering subject. Salary range £1,700 
to £2,275 plus contributory pension rights under 
the F.S.S.U. Initial placing on the salary scale 
will depend on qualifications and experience. 
plications should be received by January 30, 
Further particulars may be obtained from G. 
Cowie, M.A., LL.B., J.P., Secretary to 
University. 


UNIVERSITY OF WESTERN 


AUSTRALIA 
LECTURESHIP IN GEOGRAPHY 
Applications are invited for appointment to the 
above-named position in 
Economics. 


It is important that intending applicants obtain 
details of the procedure to be followed in apply- 
ing for the post and a copy of the Conditions of 
Appointment, before submitting their applications. 
This information is available from the A 
Association of Universities of the British Com- 
monwealth, 36 Gordon Square, London, W.C.1. 
Applications close, in Australia and London, on 
February 25, 1961. 


BIRKBECK COLLEGE 

_ (UNIVERSITY OF LONDON) 
Applications are invited for the post of Assist- 
ant Lecturer in Physics. Salary scale £800 by £50 
to £950 per annum, plus London allowance of £60 
per annum. 
Further particulars should be obtained from the 
Secretary, Birkbeck College, Malet Street, W.C.1. 
Closing date for applications: January 31, 1961. 


mitted to reach the Boreal Institute, Uni 


of Alberta, Edmonton, Alberta, Canada, prior to 
February 1, 1961. Applications will be held in 
confidence if desired. 

SCIENCE ASSISTANT (FEMALE) _RE- 


quired for the Public Health Laboratory, Ports- 
mouth. Graduates with microbiology as one sub- 
ject and an interest in virology preferred. Salary 
according to experience.—Applications, giving age 
and qualifications to the Director, Public Health 
Laboratory, Priorsdean Hospital, Milton Road, 
Portsmouth. 


ESSEX COLLEGE 

UMPTION UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 

The Department of Mathematics offers Graduate 
Assistantships to candidates wishing to proceed to 
the M.Sc. in Math ics. ipend up to $2,000 
for eight months depending on qualifications and 
duties in that Department. Assistants may pursue 
courses in pure or applied mathematics. 
Inquiries should be addressed to the Head of 
the Department of Mathematics. 
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UNIVERSITY OF ST. ANDREWS 

Applications are invited for a Lectureship in 
Midwifery in the Department of Midwifery and 
Gynaecology, Queen's College, Dundee. Appli- 
cants must have had a special training in physio- 
logy and must be prepared to take a special in- 
terest in the physiology of human reproduction. 
Salary scale, cither clinical grade: £1,050 by £100 
to £2,350 (efficiency bar £1,550), or non-medical 
science scale: £1,050 by £50 to £1,400 by £75 to 
£1,850 (efficiency bar £1,400). F.S.S.U.; family 
allowance ; grant towards furniture removal ex- 
penses. 

Applications (six copies) containing the names 
of three referees to the undernoted, not later than 


January 21, 1961. 
PATRICK CUMMING, 
Joint Clerk to the University Court. 
Queen's College, Dundee. 


ESSEX COLLEGE 
ASSUMPTION UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 

The Department of Physics invites applications 
for the following appointments: two Experi- 
mental Physicists, one Theoretical Physicist. The 
successful applicants will be expected to instruct 
undergraduate and graduate studenis and devote 
a part of their time to research. Preference will 
be given to candidates with interests in low 
energy nuclear physics, solid state physics, or 
molecular spectroscopy. The rank and salary will 
depend upon qualifications and experience, but 
the salary will not be less than $7,000 at Ph.D. 
level. 

Inquiries should be addressed to the Chairman, 
Department of Physics, Assumption University of 
Windsor. 


NORTHAMPTON COLLEGE OF 


ADVANCED TECHNOLOGY 
LONDON 

READER IN APPLIED NUCLEAR PHYSICS 

The Governing Body invites applications for the 
above appointment in the Department of Applied 
Physics. Applicants should possess high academic 
qualifications and considerable research experience 
in this branch of applied physics. Salary scale: 
£1,836 rising to £2,148 per annum. 

Further particulars and a form of application 
can be obtained from the Secretary, Northampton 
College of Advanced Technology, St. John St., 
London, E.C.1. 


ST. MARY’S HOSPITAL 
PADDINGTON, W.2 


Chemist required for the post of Research 
Assistant in the Department of Chemical Patho- 
logy. The work is suitable for a higher degree 
and will be on problems associated with steroid 
metabolism. Previous experience an advantage. 
Salary up to £750 per annum, the post being for 
one year in the first instance 

Applications, giving full details of age, qualifica- 
tions and experience, together with the names . ‘ 
two referees, to Alan Powditch, House Governor 


MCMASTER UNIVERSITY 
POSTDOCTORAL FELLOWSHIPS IN 
CHEMISTRY 
Applications are invited for Postdoctoral Fellow- 
ships, National Research Council of Canada and 
others, tenable in the Department of Chemistry. 
The N.R.C. awards are for research only, while 
the other fellowships may also provide some op- 
portunity for teaching. Awards are worth $3,700 
to $4,500 per annum, together with travel allow- 

ances, 

Applications, with curriculum vitae and names 
of two referees, should be seat promptly to D. B. 
MacLean, Chairman, Department of Chemistry, 
McMaster University, Hamilton, Ontario, Canada. 


ROYAL -VETERINARY COLLEGE RE- 
quires Senior Laboratory Technician with know- 
ledge of chemistry. Salary scale £690 by £25 to 
£815 per annum, plus London weighting. Quailifi- 
cation allowance payable additionally in certain 
circumstances. Superannuation scheme.—<Appli- 
cations, with full particulars of age and experi- 
ence, to Assistant Secretary, Royal Veterinary 
College, Royal College Street, London, N.W.1. 


APPLICATIONS ARE INVITED OR A 
one-year appointment as Lecturer in Chemical 
Engineering.—For further information, write Head, 
Department of Chemistry and emical Engineer- 
ing, University of Saskatchewan, Saskatoon, 


Saskatchewan, Canada. 


; 


UNIVERSITY OF BIRMINGHAM 
-. DEPARTMENT OF GEOLOGY 

Research Associate required for work upon 
hydrated alumino-silicate glasses and melts. Ap- 
Plicants should be graduates with qualifications in 
mineralogy and petrology or in physical-chemistry 
or in physics. The appointment will extend until 
September 30, 1962, as at present determined. 
Salary in the range £800 by £50 to £850. 

Applications, stating age, qualifications and ex- 
perience, together with thc names of two referees, 
should be sent by January 11, 1961, to Professor 
F. W. Shotton, University of Birmingham, Edg- 
baston, Birmingham, 15. 


UNIVERSITY OF ALBERTA 
DEPARTMENT OF CHEMISTRY 
TEACHING ASSISTANTSHIPS 

$2,200 to $2,700 for cight months are open to 
qualified students proceeding to advanced degrees. 
Nine hours per week of laboratory instruction re- 
quired. Active research programmes in analytical, 
inorganic, organic, physical and theoretical chem- 
istry. Travel allowance. 

Apply to: Professor Harry E. Gunning, Head, 
Department of Chemistry, University of Alberta, 
Edmonton, Alberta, Canada. 


LOUGHBOROUGH COLLEGE OF 
TECHNOLOGY 
LEICESTERSHIRE 

Applications are invited from suitably qualifieg 

engineers or physicists to fill Research Vacancieg 

(2) in the Department of Mechanical Engineering 

ne of the posts is in the field of Mechanica 

Vibrations and the other is concerned wig 
Hydraulic and Pneumatic Control Systems. Pre. 
vious industrial or research experience is desir. 
able, but those recently graduated with a good 
honours qualification also considered. Salary, de. 
pendent on qualifications and experience, up 
£750 per annum. 

Application forms or further information from 

Academic Registrar, quoting Ref. 25/AF. 


DANISH ATOMIC ENERGY _ 
COMMISSION 


offers research positions for graduates in the fields 
of: Health Physics. Nuclear Physics. Solid Stay 
Physics, Electronics. Metallurgy. Heat Transfer 

Applications, containing pertinent information 
On personal matters, education, previous employ. 
ment, salary, and referees, should be mailed w: 
Danish Atomic Energy Commission, Christiansborg 
Rideb 10, h K, Denmark. 


CHEMICAL ENGINEERS 


A large chemical organization requires 
chemical engineers for production and re- 
search. 


Applicants should have an honours degree 
in chemical engineering or corporate mem- 
bership of the Institute of Chemical Engin- 
cers, plus at least three years’ industrial ex- 
perience. Candidates between 25/30 years 
are preferred. The successful appiicant will 
have an interest in all aspects of produc- 
tion, chemical engineering processes and 
technical investigations. 


The position is progressive and there is a 
contributory pension scheme. 


Apply to Box No. 940, T. G. Scott and 
Son, Ltd., 1 Clement's Inn, London, W.C.2. 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 


(UNIVERSITY OF READING) 

Assistant Experimental Officer required in 
Chemical Microbiology Department for work or 
cheese flavour. Candidates should be familiar 
with elementary chemical techniques and should 
possess H.N.C. or equivalent, or if under 22, 
qualifications leading to the above, ¢.g., two sub- 
jects at advanced level G.C.E. Starting salary 
within range £432 10s. (at 18) to £745 (at 26) in 
scale to £945; pension scheme. 

Apply, naming two referees, to Secretary, 
N.LR.D., Shinfield, Reading. Quote ref. 60/15. 


UNIVERSITY OF ALBERTA, 
EDMONTON AND CALGARY 


CANADA 

Applications are invited for Assistant Professor- 
ships in Physics at both divisions of the University 
of Alberta, salary $7,000 up, according to experi- 
ence. Excellent facilities for research are avail- 
able, in new buildings. Specialties are Theoretical 
Physics, Nuclear Physics, Low Temperature, Geo- 
physics, at Edmonton; Cosmic Radiation, Bio- 
physics, at Calgary. 

For further information write: Professor H. 
Grayson-Smith, Head, Department of Physics, 
University of Alberta, Edmonton, Canada. 


FELLOWSHIPS AND  ASSISTANTSHIPS 
for advanced degree students in the fields of metal- 
lurgy, ceramics and semiconductors. A new 
Materials Research Centre provides exceptional 
facilities for basic research and graduate studies 
in kinetics, physical ceramics and metallurgy, im- 
perfection studies in solids, physics of solids, 
thermodynamics and X-ray diffraction.—Appli- 
cants with degrees in mathematics, the physical 
sciences or engineering will be considered, De- 

mt of Materials Science, the Technological 
Institute, Evanston, Illinois. 


RESEARCH INSTITUTE FOR 
FUNDAMENTAL PHYSICS 


KYOTO UNIVERSITY, KYOTO, JAPAN 
(Director: Professor Hideki Yukawa) 

Applications are invited for a Research Fellow 
in Theoretical Physics ; Nuclear Physics or Solid 
State Physics (fields covered by the papers which 
appear in ** Progress of Theoretical Physics *’). 

Further particulars and information as to the 
method of application may be obtained from 
secretary, Research Institute for Fundamental 
Physics, Kyoto University, Kyoto, Japan. 


BIOCHEMIST BASIC GRADE—A VACANCY 
exists in the Biochemical Laboratory of the Queen 
Elizabeth Hospital, Edgbaston, Birmingham, 15 
Salary for B.Sc. honours or A.R.1.C. is within 
the scale £645 rising to £730; after probationary 
period, to a maximum of £1,035 per annum ; for 
ordinary B.Sc., commencing salary £570 rising to 
£670.—Applications should be sent to the House 
Governor as soon as possible. 


THE DISTILLERS COMPANY LIMITED 


ASSISTANT 
CHEMICAL BUYER 


The Company wish to appoint an 
Assistant Chemical Buyer in the 
London Head Office of the Chemi- 
cal Division. 

The person appointed will be 
responsible for obtaining quotations 
for a wide sange of chemical pro- 
ducts required by the Chemical 
Division factories ; for checking the 
specifications, prices and suitability 
of these, and for placing the final 
orders and arranging the delivery 
programmes. 

During the course of his duties, 
the new person will be expected to 
become familiar with the manufac- 
ture, packing, transport and insur- 
ance of the products bought by the 
Chemical Division, and where 
imported materials are concerned 
familiarization with customs regula- 
tions and tariffs will be necessary. 

Candidates, aged not over 30, 
should have a degree or its equiva- 
lent in science preferably with 
Chemistry as the main subject. Pre- 
vious experience would be useful 
but is not necessary. 


Write : 
STAFF MANAGER 
THE DISTILLERS COMPANY LIMITED 
21/22 BOLTON STREET 
LONDON, W.1. 


Quote Reference 144 /60N. 
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INTERNATIONAL COMPANY 


with wide interests in animal products has the following vacancies in new research and 
development laboratories in Central London : 


Pharmacology : 
Analysis : 
Oils and Fat Products: 


Head of Department. 
Deputy Head. 
Deputy Head. 


There are also the following vacancies for qualified and junior staff with experience 
in one or more of the appropriate fields : 
Foods or allied products. 


Analysis : 
Meat Technology : Manufactured products ; frozen foods. 


Biochemistry : Proteins ; steroids ; enzymes. 

Cosmetics : Emulsions ; perfumery ; soaps. 

Glyceride Fats : Refining ; hydrogenation : margarine. 
Bacteriology : Factory hygiene ; foods ; industrial micro- 


biology 
Organic Chemistry : Proteins ; steroids ; fine chemicals. 
Apply in writing, —_, age, qualifications and amen, to Box No. 939, T. G. 
Scott and Son, Ltd., 1 Clement’s Inn, London, W.C.2 


CHEMICAL AND PHYSICAL 
RESEARCH 


\ 


We have the following vacancies in our modern laboratories at 
Newport, Monmouthshire, and at Ruabon, North Wales. 


1. RESEARCH CHEMIST—PROCESS DEVELOPMENT 


Chemist for process research and product development work at Newport. Candi- 
dates should have sound qualifications in chemistry (minimum B.Sc. or A.R.I.C.). 
They must be practically minded and keen on bench work. Industrial experience 
in research and/or small scale production would be an advantage. 


2. RESEARCH CHEMIST—EXPLORATORY 


Research Chemist to carry out work of an exploratory character at Newport. 
Candidates should have an Honours Degree with first- or second- (upper division) 
class honours, and preferably not less than two years research experience. 


3. PHYSICIST OR PHYSICAL CHEMIST 


Graduate Physicist or Physical Chemist at Newport to maintain and operate 
advanced physical analytical equipment including electron microscope, infra-red 
spectrometer, etc. 


4. CHEMIST OR PHYSICAL CHEMIST 


Chemist or Physical Chemist with good honours degree and at least two years 
research experience to work as a member of a team specializing in physical methods 
on the application of modern spectroscopic techniques to chemical research problems, 
particularly with the use of infra-red and ultra-violet absorption spectroscopy for 
the elucidation of structure in organic chemical compounds and the correlation of 
structure with physical and chemical properties. The person appointed will be 
expected to enter into full co-operation and discussion with synthetic organic and 
other chemical research workers concerned. The appointment is at our Ruabon 
location. 

Good starting salaiies and career prospects with opportunities for advancement 
either on the research management side or, for outstanding research workers, within 
the Monsanto “* Key Scientist ’’ scheme. Non-contributory pension scheme and other 
benefits. Please send applications, giving details of age, qualifications and experience, 
and indicating posts of interest, to: 


The Staff Relations Officer (DL 185), 
Monsanto Chemicals Limited, 
Mensanto House, 

10/18 Victoria Street, Lodon, S.W.1. 


Biochemist 
age 25-35 


Beecham Research Laboratories Ltd. require the 
services of a Biochemist for immunochemical in- 
vestigations in the field of Allergy, with particular 
emphasis on separation of antigens by electro- 
phoretic and chromatographic techniques, also 
radioisotope tracer studies. , 


Non-contributory Pension and profit participation 
schemes. 


Applications should be made to: 

THE DIRECTOR, 
BEECHAM RESEARCH LABORATORIES LTD. 
BROCKHAM PARK, 


BETCHWORTH, 
SURREY. 


A vacancy occurs at the Carrington Re- 
search Laboratory (near Manchester) for a 


SPECTROSCOPIST 


Candidates should be graduates in chemis- 
try with some additional skill in physics 
and/or electronics and should have several 
years postgraduate experience in an indus- 
trial spectroscopic laboratory (infra-red / 
Ultra-violet / Emission). Candidates’ first in- 
terest should be in analytical research and 
development rather than instrument develop- 
mem. Age bracket 25 to 35. 


This is an important career appointment 
in which keenness and ability to act on 
personal initiative are major requirements. 


Salary will be commensurate with age, 
qualifications and experience. Generous 
pension scheme and other benefits. 


Applications (quoting Reference CRL 124) 
to . 


SHELL CHEMICAL COMPANY LIMITED, 
Personnel Department, 
29/30 Old Burlington Street, 
London, W.1. 


CENTRAL ELECTRICITY 
GENERATING BOARD 


ASSISTANT ENGINEERS 
PLANNING DEPARTMENT 


Applications are invited for the 44 
ment of ASSISTANT NT ENGINEERS in 
System Planning Branch at 
London, S.E.1. 

_Candidates should preferably possess tech- 
nical qualifications at least equivalent to 
Graduate Membership of the Institution of 
Electrical Engineers. Practical experience in 
the Electricity Supply Industry is essential, 
and knowledge of engineering economics will 
be considered an advantage. 

The work of the System Planning Branch 
is primarily concerned with the initiation 
and co-ordination of programmes of new 
generating plant and main transmission. The 
successful candidates will be required to 
assist with the study of factors affecting 
these future developments. 

Salaries on scales within the 
to £2,010 per —— according to 


TEACHING ASSISTANTSHIPS FOR PH.D. 
candidates beginning September 1. Annual 
stipends up to $3,200. Research in: red blood 
cell chemistry, enzyme chemistry, plant biochem- 
istry, protein physical chemistry, —_ metabolism, 
clinical chemistry.—Write to: » Department 
of Biochemistry, University of p—~4 Edmonton, 
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METALLURGIST 


CHEMIST 


appropriate reference. 


[dlerranti EDINBURGH 


wish to recruit 


The work consists of a large number of problems on the materials used in 
the design and manufacture of high precision electro mechanical devices. 
A wide range of materials and processes is involved and a bias towards 
engineering or ceramics is desirable. In particular, a study of the technology 
of Beryllium will be eventually undertaken. Applicants should preferably 
have an honours degree in Metallurgy but candidates who are not graduates 
and have relevant experience will be considered. (Ref. MC/49). 


The work consists generally of the solution of all the problems of processes 
and materials used in the design and manufacture of electronic equipment. 
A wide range of materials and processes is involved but a knowledge of 
synthetic materials and analysis would be especially useful. (Ref. C/49). 


In both cases the successful candidate will work in close associa- 
tion with teams of engineers and physicists engaged on develop- 
ment work. A staff position with membership of a pension 
scheme will be offered to the successful applicant. Please write, 
giving details of qualifications and experience, to the Personnel 
Officer, Ferranti Limited, Ferry Road, Edinburgh, 5, quoting the 


require a 


PHYSICIST OR 
PHYSICAL CHEMIST 


for employment in their Shepherd's 
Bush Research Laboratories for work 
on a wide range of interesting and 
stimulating problems. 


The position calls for experimental 
ability coupled with a sound know- 
ledge of fundamental principles and 
the ability to work as a member of a 
research team. Applicants should be 
graduates and be in the age range 23 
to 37. 

The conditions of employment are 
good and include participation in a 
Contributory Pension Scheme (after a 
short period of probationary employ- 
ment) and bonus scheme. 

There are good social and athletic 
facilities. Applications, giving details 
of age, qualifications and experience, 
should be made to: 

Personnel Officer, 
BRITISH INSULATED 
CALLENDER’S CABLES LTD. 
38 Wood Lane, London, W.12. 


PHYSICIST 


Aged 21 to 28, with good-ciass Honours 
or Higher Degree is offered an opportunity 
to join a team which is making Design 
Studies and doing other exciting theoretical 
work on new semi-conductor Devices such 
as Tunnel Diodes, Alloy Junction, Diffused 
and Power Transistors. 


ENGLISH ELECTRIC 
VALVE CO, LTD, 


(CHELMSFORD, ESSEX 


> A PHYSICIST or MATHEMATICIAN 


is required for research on electron optical 
systems. 


» Applicants should possess a first or second 
) class honours degree in physics or mathe- 
matics and be preferably within age range 
22 W. 


Salary will take into account age and any 
previous relevant experience. 


Apply to Dept. G.P.S., English Electric 
> House, Strand, London, W.C.2, quoting 
reference N.159SL. 


APPLICATIONS ARE INVITED FOR A 
Faculty Position in Agricultural or Cereal Chem- 
istry. Duties involve direction of graduate re- 
search and teaching cereal and organic chemistry. 
Rank and salary dependent upon qualifications.— 
Send résumé to Head, Department of Chemistry, 
University of Saskatchewan, Saskatoon, Saskat- 
chewan, Canada. 


PARKE, DAVIS & 
COMPANY 


require a LABORATORY TECH- 
NICIAN for their PHARMACO- 
LOGICAL KESEARCH LABORA- 
TORIES, preferably with some 
experience of general laboratory 
workshop practice, and building of 
electronic apparatus from _ specifi- 
cations. Training will be given in 
the specific requirements on the 
job, with opportunites for further 
study. 

Applicants should be 18+ years 
of age, preferably with a G.C.E. 
“A” level in Physics. 

Terms of employment are attrac- 
tive. They include a five-day, 374- 
hour week, generous salary scale, 
and contributory life assurance 
plan. Staff restaurant. 

Please apply to: 
Personnel Manager, 
Parke, Davis & Company, 
Staines Road, 
Hounslow, Middlesex. 


RESEARCH ASSISTANT REQUIRED AT 
once, a Graduate Assistant or Technica! Assistant, 
for research mainly involving organic chernistry 
Salaries: Graduate, starting range £700 to £800; 
Technical Assistant, starting range £500 to £650, 
according to qualifications and experience. Pro- 
vision for superannuation. Maximum term of ap- 
pointment five years.—Apply as soon as possible, 
stating the post desired, to Professor G. Hasle- 
wood, Department of Biochemistry and Chemistry, 
Hr dy Hospital Medical Schoo!, London Bridge, 


The Division, with its associates on the 
Continent and in the U.S.A. is in the fore- 
front of Semi-conductor technology. 


Its Laboratories are situated in Sidcup, 
Kent, only 11 miles from Central London, 
and every encouragement will be given to 
attend professional society meetings. 


Informal evening or Saturday morning 
interviews with the Division’s Senior 
Scientists can be arranged and at these in- 
terviews we shall be glad to explain the 
Company's generous non-contributory Pen- 
sion Scheme and Sickness Benefit Plan and 
how the Company can assist with housing. 


Write, in confidence, giving a personal 
history of age, qualifications, experience 
and salary, to 


W. J.*YEOMANS, Personnel Manager, 
Standard Telephones and Cables 


Limited, 
Footscray, Sidcup, Kent. 
(FOO 3333, Ext. 223.) 


UNIVERSITY OF AUCKLAND 
NEW ZEALAND 

CHAIR OF ENGINEERING (MECHANICAL) 
Applications are invited for the above-mentioned 
appointment, which carries the right of private 
consultative practice under certain conditions. 
The salary will be £2,800 per annum and travel 
and removal expenses will be allowed within speci- 
fied limits. Unfurnished accommodation is pro- 
vided at a moderate rental. 

Further particulars and information as to the 
method of application should be obtained from 
the Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, 
London, W.C.1. Applications close, in New Zea- 


land and London, on February 7. 1961. 
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CAMBERWELL HOSPITALS 


MANAGEMENT COMMITTEE EM.L 
Biochemist. Applications are invited from 
gaduates in chemistry, biochemistry or physiology PATENTS DEPARTMENT 


for appointment as Biochemist in the pathology 


department, Dulwich Hospital, East Dulwich A vacancy exists in the Technical Stafi of 


Grove, S.E.22. Work is concerned with biochemi- the Patenis Department of E.M.I. for a uni- 
al investigations on patients and suitable train- versity graduate with a degree in physics, 
ing will be provided. Salary during probationary mathematics or engineering to assist in the 
-w (two years) from £645 plus London weight- assessment of new ideas for Patent applica- 

After probationary period £830 by £35 (5) tions. The successful applicant will be re- 
+ £30 (1) to £1,035 per annum, plus London quired to work in close co-operation with 
weighting up to £50. Negotiations are going on the various’ Research and Development 
for a salary increase. An alternative appointment teams with particular reference to digital 
wil be considered from Fellows of the Institute computer techniques. This post offers a 
of Medical Laboratory Technology in the grade of good starting salary with considerable pros- 
Senior Technician II. pects for advancement. 
Agoticesions ead lnquiries to Group Secretary Applications should be made, in_writing 
t Consultant Pathologist, giving names of two |] with full details, quoting reference CEN/S/2 

to: 
AUSTRALIA Manager, 
METROPOLITAN WATER, SEWERAGE AND Biyth ‘Road. 
DRAINAGE NEW SOUTH Hayes, Middlesex. 
ENGINEERS 


Applications are invited from graduates or 
diplomates (preferably under 30 years of age) in 


engineering for appointment to the Engineering 
Staff ot the Metropolitan Water, Sewerage and PARKE, DAVIS & 
Drainage Board of New South Wales. Because COMPANY 
of accommodation difficulties, vacancies exist only 
for single men and married men without children. A vacancy exists in the DEPART- 
Minimum: commencing salary £A.1,265 per annum MENT OF PHARMACOLOGICAL 
for a diplomate and £A.1,383 per annum for a ‘RESEARCH for a QUALIFIED 
graduate, with incremental progression, subject to PHARMACOLOGIST with RE- 
satisfactery service, to £A.2,025 per annum. Pro- SEARCH EXPERIENCE. 
gression beyond this rate is by appointment as The work will be concerned with 
vacancies arise. The main requirement is for the search for new  pharmaco- 
Civil Engineers, who have just completed training dynamic agents. Those with Ph.D. 
but consideration wil! also be given to those with M.Sc., B.Sc., or B.Pharm. degrees, 
some experience and to graduates and diplomates or equivalent qualifications, are in- 
in Mechanical, Electrical and Chemical Engineer- vited to apply for this post. 
ing. Agpointees will be employed on the investi- The terms of employment with 
gation, design, construction or maintenance of the Company are attractive. They 
water, sewerage and storm-water drainage projects include a generous salary, pension 
in the Sydney or Wollongong areas. No country and ile assurance plan, and a five- 
service is involved. Superannuation scheme. day, 374-hour week. 
Good leave conditions. Successful applicants will Pl es 
be nominated for travel under the Assisted Passage P. me | apply : 
Scheme. The cost of the passage is £10 per Parke. Davis 2 Gee 
adult. 

For further particulars and application forms, Semen a 


please write to Agent-General for New South 
Wales, 56 Strand, London, W.C.2, quoting No. 
97. 


SALFORD HOSPITAL OLDCHURCH HOSPITAL 
MANAGEMENT COMMITTEE 
s 
required for the Devert- RADIOTHERAPY DEPARTMENT 
ment of Pathology. Senior Technician or Technician required for the 
4 - 7 above Department. Duties include Physics Work- 


Suitably qualified persons are invited to submit 
Pe to the Secretary, Salford Royal Hos- | Shop, Isotope Laboratory, Radium and Mould 
pital, Chapel Street, Salford, 3. Room work. Instrument or Physics Workshop 

experience essential. Salary £570 w £710 per 
annum; senior grade, £710 to £905 per annum 


would he applicable to suitably qualified person. 
Applications, quoting Ref. 17/39, giving full 


BIOCHEMIST details, including age and experience, together with 


names of two referees and/or copy of testimonials 


required for to the Group Secretary, Romford H.M.C., -Old- 

MEAT RESEARCH DEPARTMENT church Road. Romford. 
of An Foras Talintais (The Agricultural PHYSICIST WITH ELECTRONIC, AND/OR 
Institute), Dublin. instrument experience, and preferably at least 
honours degree, required for fundamental and 
ESSENTIAL : Honours Degree in Chem- applied research in a growing organization con- 
istry or Biochemistry. Appointee will work cerned with building materials.—Write for form 
on basic problems in meat processing and of application to Box No. 937, T. G. Scott and 


curing. Opportunities for further training Son, Ltd., 1 Clement’s Inn, London, W.C.2. 
provided. 


LECTURES AND COURSES 


COLLEGE OF AERONAUTICS 
TWO-YEAR DIPLOMA COURSE 1961-1963 
Applications are invited from suitably qualified 

men and women who wish to enrol for the Two- 
year Diploma Course which begins in October, 
1961. This postgraduate course in Aeronautical 
Science and Engineering is intended primarily for 
University Graduates in Engineering, Science or 
Mathematics. Technical College students and 
others who possess a higher national certificate, 
Diploma or Equivalent qualification and attain the 
required entrance examination standard may also 
be accepted. The curriculum includes the sub- 
jects of Aerodynamics, Aircraft Design, Electrical 
and Control Engineering, Materials, Production 
and Industrial Administration and Aircraft Propul- 
sion in al! of which subjects a major specialization 
may be taken. Lectures and laboratories in 
mathematics and flight are obligatory for all 
Students. All applications will be considered by 
the Board of Entry which may call candidates to 
attend at the College for written Entrance Exam- 
ination in Engineering, Physics, Mechanics, and 
Mathematics, to be held on Monday, March 27, 
1961. Exemption from this examination will 
normally only be given to candidates possessing 
first- or second-class honours degrees in science or 
engineering, or reading for honours degrees. The 
Board may also require attendance for personal 
interview at a later date. Candidates who possess 
Bachelor degrees with first- or second-class 
honours in aeronautics, and also in science or en- 
gineering if they have adequate postgraduate ex- 
perience, may at the discretion of the Board of 
Entry be accepted for entry to the second year of 
the course and qualify for the Diploma (D.C.Ae.) 
Further information about the course and forms 
of application, which must be completed any re- 
turned not later than Saturday, March 4, 1961, 
may be obtained from the Warden, the College of 
Aeronautics, Cranfield, Bletchicy, Bucks. 


CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 
FLAxman 5747. MANRESA ROAD, S.W.3 
SCHOOL OF PHARMACY 
“The Application of Spectrophotometry to 
Pharmaceutical Problems 

A postgraduate course of cight weekly lectures 
will be given by a panel of specialist lecturers, 
commencing Tuesday, January 17, 1961, at 
7.15 p.m. 

A prospectus may be obtained from the Senior 
Lecturer in Charge of Pharmacy Extension Studies. 

Early application is advisable. 


GRANTS & SCHOLARSHIPS 


SCHOLARSHIPS FOR WOMEN GRADU- 
ates, 1961-2. For British woman £100, age limit 
30 years. For study in U.S.A. $2,500, age limit 
35 years. No age limit: International Residen- 
tial Scholarship, London, £400. Closing date 
January 16, 1961. No age limit: grant covering 
two months residence in Paris, July/August, 1961, 
closing date April 30, 1961.—Details from Grants 
Secretary, B.F.U.W., Crosby Hall, Cheyne Walk, 
London, S.W.3. 


FOR SALE AND WANTED 


ALMOST ANY BACKNUMBERS AND 
of Nature wanted. Also learned and 


Salary and rating according to qualifica- TRADE ANNOUNCEMENTS 


tions and experience. 


Application forms, etc., from the Direc- SILICA CONES AND SOCKETS. VITREO. 
tor, An Foras Talintais, 33 Merrion Road, sil silica tubing, polished silica discs and glazed 
Dublin. Latest date for receipt of com- sheet always in stock.—Custom built silica /quartz 
pleted application forms January 27, 1961. apparatus from Jencons, The Silica Centre, Mark 


Road, Heme! Hempstead. Hertfordshire. Boxmoor 
4641. 


scientific journals, transactions of most kinds. 
Further: Notes and Queries, the Annual Register, 
Quarterly Review, Palmer's and/or the Official 
Index to the Times, British National Bibliography, 
English Catalogue of Books, Journal Royal Philo- 
sophical Society, Royal Statistical Society, etc.— 
H. Pordes, 138 New Cavendish Street, London, 
W.1, MUSeum 5250. 


=> 


Sterilizable at 120°C, non-tozic and —. for 


34/36 Somerford Grove, London, N.16 


S “*E.R.P.”” PLASTIC FLEXIBLE TUBING All communications regarding advertising 
in NATURE should be addressed to: 


T. G. SCOTT & SON LTD., 
ESCO (RUBBER) LTD. 1 Clement's Inn, London, W.C.2 
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Anastigmats 


Made in three focal 
lengths, namely, 


64mm 50mm 26mm 


Corrected for an 
object at infinity and 
give a flat image of high 
resolution over an angle of 224° 


The 64mm lens is also made for ratios of 
16:1 and 7}$:1 between object and image Covered by British Patent 
No. 696,902 


Send for particulars 


WRAY (Optica, Works) LTD - BROMLEY - KENT 


Important Announcement 


We regret that it has been found necessary to increase the subscrip- 
tion rates for “‘NATURE”’ as from January 1961. 


The charges for subscriptions witl be 


12 months ... 
6 months (26 issues) 
3 months (13 issues) 


pestage paid to any part of the world 


BEB 
© 
eco 


Orders for subscriptions should be placed with a bookseller or 
newsagent, or sent direct with remittance, to 


Macmillan & Company, Ltd., 
St. Martin’s Street, London, W.C.2 


De 
—— 
i. 
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. —- 
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hospitals where water of the highest purity is essential 
Price, complete with heater and all electrical 
equipment 230 volt (a.c. only—-£25 - 10 - O 
Inclusive of carriage and packing in U.K. 

Obtainable only from 


L. V. D. SCORAH, Msc. 


(Manufacturer of the “SCORAH"’ Blowpipe) 


BIRMINGHAM, 30. 


NATURE 


This unique water still isin use in a number of research establishments and 


44 NORTHFIELD ROAD, KINGS NORTON, 
KINGS NORTON 1885 
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| The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic Can be left on without attention. Heater 
. curreat cuts off if water supply is interrupted, or inade- 

quate or forgotten. When receiver (5 litres capacity) is 
3 full, current cuts off. When distilled water is drawn from 
receiver, the still resumes operation until receiver is 
refilled. 


Purity CElectrostatically charged condenser droplets 
+ can pick up fumes, dust and air-borne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination. 


Efficiency Heater of Scorah design and manufacture, _ 
consumption 1,700 watts, output 2.4 litres per hour (the 
full theoretical yield). Cost 3}d. per gallon at ld. per unit 


Safety The heating element is out of contact with the 
feed water, thus eliminating danger from “‘live’ water 
supply or electrolytic effects or “burn out”. 


Assembly No retort stands or clamps are required. 
The 2}-in. diameter ball joint gives a strainless set-up. 
Outlet cap on boiler for quick periodical drain-off of sedi- 
ment. The still may be installed on a shelf or platform 
about 1 ft. above bench level near a sink and enclosed in 
a transparent plastic cover to keep out dust. 

Phoenix heat-resisting glass. Interchangeable ground 
glass joints. 


HOSLAB 


Regd. Trade Mark 
Laboratory Equipment 


GREEN’S HYDURO 9044 
New Agar-Agar Paper 


Much thinner than ordinary Agar- 

Agar paper it is very much 

stronger when wet and the rate 

of filtration is much quicker than 
other specially made papers. 

If you are having trouble filtering 
Agar-Agar, use Green’s 9044 


For details, write or visit 


HOSPITAL AND LABORATORY SUPPLIES LTD. 


12 CHARTERHOUSE SQUARE 
LONDON, E.c.1 
Telephones: Clerkenwell 4840, 794/ 


COMPLETE LABORATORY FURNISHERS 


MAGNAPOISE 
Illuminated Magnifier 


This new adjustable stand magnifier incorporates the well-known Angle- 
poise patented fittings and brings adeq agnification and illumination 
to finger-tip command. Its uses—like its angles—seem limitless. With the 
flick of a nger the lens is placed anywhere at any angle, in a position 


factory, laboratory, etc. 
1}” across, is black featherweave finished 


PRICE 
with two adjustable arms fitted to a swivel fitting 
at the base, which allows every conceivable move- 


ment with perfect balance of the lens. £19.19s.0d. 
Newbold & Bulford Ltd 


Manufacturers and Exporters of Scientific Instruments 


ENBEECO HOUSE, ROGER ST., GRAY’S INN RD., W.C.1 
TELEPHONE: CHA 5614 (3 lines) 


—4 

4 

hh, 

| 

field with the large rectangular lens 6” x 3}”, combined with illumination ~ ie 

provided by two a 1S-watt lamps, one each side of the lens, as =. 
illustrated, and completely shielded from the viewing side; operated a 2 

_| from mains voltage. ;The Magnapoise is free from sag or wobble, is un- a 
PO affected by vibration, and will prove to be unsurpassed for use in the By 

de 
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FOR REMOVAL 
FOR REMOVA CRYOS A THE PEARSE COLD 
ONCE FOR MICROTOME 
The Original Refrigerated — RESETTING 
CONTROL Microtome With All CONTROL 
rnal Controls 
HINGED PERS- oe CUTTING 
PEX BAFFLE MICROMETER A, CONTROL 
CONTROL — 
From fresh tissue to mounted stained 
sections in 10 minutes. MICROTOME 
FEATURES 
@ Cuts sections down to 4 microns. 
@ Serial sections cut at 8 microns. 
@ Entirely remotely controlled. 
@ Thermostatic control between —5° C. and —30° C. 
@ For ultra-thin sections and friable tissues knife blade 
cooled to —50°C. INSULATED REFRIGERATION 
NIGHT 
@ Cuts freely at all temperatures ; will not rust. COVER UNIT 


@ Instant availability for rapid biopsies. 
@ Low initial cost and minimum operating attention. 


SLEE SOUTH LONDON ELECTRICAL EQUIPMENT CO. LTD, 


LANIER WORKS - HITHER GREEN LANE - LONDON .: S.E.13 


— Telephone : LEE Green 4814/6. - Telegrams : SLEECO, LONDON 
ZNTH New 
(REGD. TRADE-MARK) ‘MIKROPS’ Descriptive Cases 


INSECT COLLECTIONS 
T Uu B Uu 7 A R S L I D I N G InJthis series descriptive backgrounds with labelled 


diagrams and detailed drawings provide a self-explana- 


R E S I 7 T A N ie E s tory unit suitable for permanent display. 


Wound on vitreous 
enamelled steel tubes 
with oxidised wire 
having a negligible 
temperature co- 
efficient. Non- 
inductive windings 
on refractory formers 
are also available 

in many sizes. 


/ 12. 3.1952. 


Major and Minor Orders of Insects, Aquatic Insects, 
Beneficial Insects, Destructive Insects 
Insect Life Histories also available 


Illustrated catalogue 
of all types free on 
request 


The ZENITH ELECTRIC CO. Ltd. Part of our extensive service to Biologists 
ZENITH WORKS, VILLIERS RD., WILLESDEN GREEN Catalogues on application 
LONDON, N.W.2 
Phone : WiLiesden 6581-5 Grams : Voltachm, Norphone, London FLATTERS sh GARNETT LTD 
MANUFACTURERS OF ELECTRICAL EQUIPMENT 309 Oxford Road Manchester 13 


INCLUDING RADIO AND TELEVISION COMPONENTS 
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Stabilit 
Analyse 


TION 


184 Kev 


These important contributions to gamma _ spectrometry 
= ame technique were designed at Harwell and are manufactured 
under licence from the U.K.A.E.A. 


D, 99-CHANNEL 
@ Channel width of 100 mV, usually requiring 
little pre-amplification. 
— @ Adjustable back-bias permitting analysis of 
-] any 10 V band between 0.5 V and 30 V. 
@ Dead time for n** channel 40+ 2(n+1) usec. q 
core data storage with capacity of e 
counts per channel. ‘lo al 
Decimal readout by Dekatron indicators or Gs 
@ Extensively transistorised. : 
® High stability and linearity. 
®@ Built-in test facilities. 
@ Readily converted to use as a time-of-flight 
spectrometer. 


SINGLE CHANNEL 


Constructed on the “2000” Series unitised 
system. Adjustable threshold and channel width. 
The small variation of time delay through the 
circuit makes the instrument particularly suitable 
for operation in coincidence counting systems. 


TECHNICAL SERVICE 

Plessey engineers are readily available to discuss 
the application of these analysers with you, or to 
assist on any problems you may have which are 
associated with gamma spectrometry generally. 


PLESSEY NUCLEONICS LTD 


WEEDON ROAD, NORTHAMPTON 
Telephone: Northampton 4966 


Overseas Sales Organisation: 
Plessey International Limited, Ilford, Essex 
Telephone: Ilford 3040 Telex: 23166 
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Stainless steel tank: Propeller stirring. 
Dial marked in degrees Centigrade. 
Available with pump for circulating water 
through other apparatus. 

Wide range of test-tube racks, lids, 
cooling and constant level devices. 
Unconditionally guaranteed for 

one year. Forty-eight hour 

repair service, and loan units 

available by return of post. 


Standard Models 

Range 10° to 100° C +0-25° C 
SBI (9”x8”x6”) ... £27 5 0 
SB2 (15”x8"x6”) ... £28 10 0 
SB3 (21”x12”x11") £32 0 0 
SB4 (15” x 12” x9”) £31 0 
(working space in brackets) 


MODELS SU2 and SU2P 

This unit enables any vessel to be used as a 
thermostatically controlled bath. If fitted 

with a pump (as illustrated) it is particularly 
useful for circulating water at a controlled 
temperature through other apparatus. The heater, 
thermostat and stirrer are exactly as fitted to 

our standard baths. 


Model SU2 (without pump) £19 10 0 
Model SU2P (with pump) £22 10 0 


Grant Instruments 
(Cambridge) Ltd. 
Barrington, Cambridge Telephone: Harston 528 


Printed in Great Britain by Fisuer, KNIGHT &.Co., Ltp., The Gainsborough Press, —— bans, and published by MAcmILLANn & Co., ITED, 
at St. Martin's Street, London, W.C.2, and Sr. Manrtin’s Press, INC., 175 Fifth Avenue, New York 10 , N.¥., U.S.A., Saturday, December i 1960. 
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